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CONTRIBUTIONS  TO  ECONOMIC  1!EOLOGY, 

1907,  PART  I.         ■    . 


C.  W.  Hates  and  Waldemar  Lindgken,  Geologists  in  cko^ge. 


INTRODUCTION. 


By  C.  W.  Hayes,  Chief  geologist. 


This  bulletin  is  the  si^th  of  a  series,  including  Bulletins  Nos,  213, 
226,  260,  285,  and  315,  Contributions  to  Economic  Geology  for  1902, 
1903,  1904,  1905,  and  1906,  respectively.  These  bulletins  are  pre- 
pared primarily  with  a  view  to  securing  prompt  publication  of  the 
economic  results  of  investigations  made  by  the  United  States  Geolog- 
ical Survey.  They  are  designed  to  meet  the  wants  of  the  busy  man, 
and  are  so  condensed- that  he  will  be  able  to  obtain  results  and  conclu- 
sions with  a  minimum  expenditure  of  time  and  energy.  By  means  of 
the  bibliographies  accompanying  the  several  groups  of  papers  they  also 
serve  as  a  guide  to  the  economic  publications,  and  aflford  a  better  idea 
of  the  work  which  the  Survey  as  an  organization  is  carrying  on  for  the 
direct  advancement  of  mining  interests  throughout  the  country  than 
can  readily  be  obtained  from  the  more  voluminous  final  reports. 

The  first  two  bulletins  of  this  series  included  numerous  papers  rela- 
ting to  the  economic  geology  of  Alaska.  In  view  of  the  rapid  increase 
of  economic  work,  both  in  Alaska  and  in  the  States,  and  the  organiza- 
tion of  a  division  of  Alaskan  mineral  resources  distinct  from  the 
division  of  geology,  it  was  in  1905  considered  advisable  to  exclude  all 
papers  relating  to  Alaska.  These  were  brought  together  in  a  sepa- 
rate volume  entitled  ''Report  of  progress  of  investigations  of  mineral 
resources  of  Alaska  in  1904,"  Bulletin  No.  259.  A  similar  segrega- 
tion of  papers  relating  to  Alaska  was  made  in  1905  and  1906  (Bulletins 
Nos.  284  and  314),  and  will  be  made  this  year. 

During  1906  a  further  change  in  the  arrangement  of  the  economic 
bulletin  seemed  desirable.  The  former  section  of  iron  ores  and  non- 
metallic  minerals  was  divided  and  M.  B.  Campbell  was  placed  in  charge 
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of  a  new  section  devot^to  the  investigation  of  fuels.  This  change  in 
Survey  organization  .\?as  used  as  a  basis  for  a  separation  of  the  economic 
bulletin,  based  on  .8ub%3cts.  The  present  bulletin  is  therefore  restricted 
to  the  work  of  the.  Survey  in  1907  in  the  metals,  structural  materials, 
and  other  noniqetals  except  coal.  A  separate  bulletin  will  be  issued 
later  relating^ ia  Survey  work  on  coal,  lignite,  and  peat. 

In  the  prejwration  of  the  present  volume  promptness  of  publication 

has  been  m9.de  secondary  only  to  the  economic  utility  of  the  material 

present^.'   The  papel's  included  are  such  only  as  have  a  direct  eco- 

nomic\1bearing,  all  questions  of  purely  scientific  interest  being  excluded. 

,  'J!ii<^  papers  are  of  two  classes:  (1)  Preliminary  discussions  of  the 

.results  of  extended  economic  investigations,  which  will  later  be  pub- 

\  liphed  by  the  Survey  in  more  detailed  form;  (2)  comparatively  detailed 

* '  descriptions  of  occurrences  of  economic  interest,  noted  by  geologists 

of  the  Survey  in  the  course  of  their  field  work,  but  not  of  suflicient 

importance  to  necessitate  a  later  and  more  extended  description. 

The  papers  have  been  grouped  according  to  the  subjects  treated. 
At  the  end  of  each  section  is  given  a  list  of  previous  publications  on 
that  subject  by  this  Survey.  These  lists  will  be  serviceable  to  those 
who  wish  to  ascertain  what  has  been  accomplished  by  the  Survey  in 
,  the  investigation  of  any  particular  group  of  mineral  products.  They 
are  generally  confined  to  Survey  publications,  though  a  few  titles  of 
important  papers  published  elsewhere  by  members  of  the  Survey  are 
included. 

Material  assistance  in  the  preparation  of  this  volume  has  been  ren- 
dered by  W.  C.  Phalen,  and  to  him  is  largely  due  the  promptness  of 
its  publication. 

The  results  of  the  Survey  work  in  economic  geology  have  been  pub- 
lished in  a  number  of  diflFerent  forms,  which  are  here  briefly  described: 

1.  Papers  and  reports  accompanying  the  Annual  Report  of  the  Di- 
rector,— Prior  to  1902  many  economic  reports  were  published  in  the 
royal  octavo  cloth-bound  volumes  which  accompanied  the  Annual 
Report  of  the  Director.  This  form  of  publication  for  scientific 
papers  has  been  discontinued  and  a  new  series,  termed  Professional 
Papers,  has  been  substituted. 

2.  Bulletins, — ^The  bulletins  of  the  Survey  comprise  a  series  of 
paper-covered  octavo  volumes,  each  containing  usually  a  single  report 
or  paper.  These  bulletins,  formerly  sold  at  nominal  prices,  are  now 
distributed  free  of  charge  to  those  interested  in  the  special  subject 
discussed  in  any  particular  bulletin.  This  form  of  publication  facili- 
tates promptness  of  issue  for  economic  results,  and  most  economic 
reports  are  therefore  published  as  bulletins.  Their  small  size,  how- 
ever, precludes  the  use  of  large  maps  or  plates,  and  reports  containing 
large  illustrations  are  therefore  issued  in  the  series  of  Professional 
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3.  Professional  Papers. — This  series,  paper  covered,  but  quarto  in 
size,  is  intended  to  include  such  papers  as  contain  maps  or  other  illus- 
trations requiring  the  use  of  a  large  page.  The  publication  of  the 
series  was  commenced  in  1902,  and  the  papers  are  distributed  in  the 
same  manner  as  are  the  bulletins. 

4.  Mmwgraphs. — ^This  series  consists  of  cloth-bound  quarto  vol- 
umes, and  is  designed  to  include  exhaustive  treatises  on  economic  or 
other  geologic  subjects.  Volumes  of  this  series  are  sold  at  cost  of 
publication. 

5.  Geologic Jblios.— Under  the  plan  adopted  for  the  preparation  of 
a  geologic  map  of  the  United  States  the  entire  area  is  divided  into 
small  quadrangles  bounded  by  certain  meridians  and  parallels,  and 
these  quadrangles,  which  nmnber  several  thousand,  are  separately 
surveyed  and  mapped.  The  unit  of  survey  is  also  the  unit  of  publica- 
tion, and  the  maps  and  descriptions  of  each  quadrangle  are  issued  in 
the  form  of  a  folio.  When  all  the  folios  are  completed,  they  will  con- 
stitute a  Geologic  Atlas  of  the  United  States. 

A  folio  is  designated  by  the  name  of  the  principal  town  or  of  a 
prominent  natural  feature  within  the  quadrangle.  It  contains  topo- 
graphic, geologic,  economic,  and  structural  maps  of  the  quadrangle, 
and  in  some  cases  other  illustrations,  together  with  a  general  descrip- 
tion. 

Under  the  law  copies  of  each  folio  are  sent  to  certain  public  libraries 
and  educational  institutions.  The  remainder  are  sold  at  25  cents  each, 
except  such  as  contain  an  unusual  amount  of  matter,  which  are  priced 
accordingly. 

Circulars  containing  complete  lists  of  these  folios,  showing  the  loca- 
tions of  the  quadrangle  areas  they  describe,  their  prices,  etc.,  are  issued 
from  time  to  time,  and  may  be  obtained  on  application  to  the  Director 
of  the  United  States  Geological  Survey.  The  following  list  shows  the 
folios  issued  since  January  1,  1907,  and  in  an  advanced  state  of  prepa- 
ration, also  the  economic  products  discussed  in  the  text  of  each,  the 
products  of  greatest  importance  being  printed  in  italic: 

List  of  geologic  folioB  issued  since  January  i,  1907 ,  shomng  mineral  resources  described. 


No. 

Name  ot  folio. 

State. 

Area 

in 
square 
miles. 

Author. 

Mineral  products  described 
as  occurring  in  area  of 
folio. 

148 

Nantahaia 

N.  C.-Tenn  . . . 
Pa 

976 

228 

1,756 

229 

Keith,  A 

Marble,  talc,   kaolin,   soap- 
stone,   mica,    corundum, 
iron,  gold. 

Ck)al,   oil,    gas,    limestone, 
shale,  sandstone. 

Zinc,  lead,  cement,  building 
stone,  glass  sand,  clay. 

Oil,    gas,   coal,   limestone, 
sandstone. 

144 

Amity 

ClaDD.  F.  G 

146 
146 

Lancaster-Mineral 
Point. 

Boffeisyille 

Wis.-Iowa-Ill. 
Pa 

Grant,  U.    S.;     Bur- 
chard,  E.  F. 

Clapp.F.G 
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List  of  geologic  folios  issued  since  January  1,  1907 j  etc, — Continued. 


No. 

Name  of  folio. 

State. 

Area 

in 
square 
miles. 

Author. 

Mineral  products  described 
as  occurring  in  area  of 
folio. 

147 

Pisgah., 

N.  0.~B.  \j  ..... 

Mo.-Kans 

Me 

476 

867 
849 

963 

982 

285 
969 

885 

878 
906 

216 

Keith,A 

Mica,  corundum,  soapstone. 

148 
149 

Joplin  district 

Penobscot  Bay 

Devils  Tower 

Roan  Mountain 

Patuxent .- 

Smith,  W.  S.  T.;  Sie- 
benthal.C.E. 

Smith,  G.  C;  Bastin, 
E.S.;  Brown,  C.W. 

Darton.N.H.;  O'Har- 
ra,  C.  C. 

Keith.  A 

talc,  kaolin  ,goid  ,graphlte, 
copper,    building    stone, 
lime,  clay. 

Zinc,  lead,  lime,  barite.  coal, 
bitumen,     oil,     building 
stone,  clay,  underground 
water. 

Qrtinit^.^  limestnnp,  building^ 

150 

Wyo 

Stone,'  copper,  clay. 

CoaT,  building  stone,  clay, 
gypsum,  underground  wa- 
ter. 

Iron,  mica,  lime,  talc,  soap- 
stone,  building  stone,  road 
material,  clay. 

Clay,  sand,  gravel,  building 
stone,  marl,  diatomaceous 
earth,  underground  uniter. 

Silver,  gold,  building  stone, 
lime. 

Lime.    clay.    coal,    under- 

151 

Tenn.-N.  C  . . . 

Md.-D.  C 

Colo 

15? 

Shattuck,  G.  B.;  Mil- 
ler, B.  L. 

Cross,  W.;  Howe,  E.; 
Irving,  J.  D. 

Purdue,  A.  H.;  Adams, 
G.I. 

Russell,  I.  C;  Lever- 
ett,  P. 

• 

Todd,J.E 

158 

Ouray -- 

154 

Winslow 

Ark 

165 

Ann  Arbor 

Mich 

ground  water. 
Road     material,     buildinar 

156 

Elk  Point 

S.Dak.-Nebr.- 
lowa. 

N.  J,-N.  Y.... 
Me 

stone,  clay,  cement  mate- 
rial,  marl,    peat,    under- 
ground water. 

Clay.  sand,  gravel,  cement 

157 

Passaic 

Darton.  N.  H.;   Bay- 
ley,   W.    S.:    Salis- 
bur>',  R.  D.;  Kflm- 
mel,  H.  B. 

Bastin.  E.S 

material,  volcanic  ash,  lig- 
nite, underground  water. 

Iron,  building  stone,  road 

168 

Rockland 

material,  pottery  day,  brick 
clay,  graphite,  peat,  un- 
derground water. 

Lime,  granite,  clay,  peat,  road 
material,  gravel,   under- 
ground water. 

lAst  of  geologic  folios  in  preparation. 


Name  of  folio. 


Aberdeen-Redfield . . 


Accident-Grantsville . 


Bellefourche 


El  Paso . 


Franklin  Furnace. 


Independence . 


State. 


S.  Dak , 

Md.-Pa.-W 
Va. 

S.  Dak 

Tex 

N.J 

Kans , 


Area 

in 
square 
miles. 


3,383 


460 


849 


889 


226 


950 


Author. 


Todd,  J.  E 

Martin,  G.  C 

O'Harra,  C.  C;  Darton, 
N.  H. 

Richardson,  G.  B 

Wolff,  J.  E.;  Spencer,  A. 
C;  Palache,  Charles; 
Salisbury,R.D.;  Kiim- 
mel,  H.  B. 

Schrader,  F.  C 


Mineral  products  described 
as  occurring  in  area  of 
foUo. 


Lignite,  clay,  sand,  gravel, 
salt,  gas,  underground 
vfoter. 

Coal,  fire  clay,  lime,  building 
stone,  road  material. 

Gypsum,  lime,  clay,  building 
stone,  bentonite,  under- 
ground water. 

Tin,  clay,  cement,  flux,  lime, 
sand,  gravel,  underground 
waler. 

Lime,  Jlux,  road  material, 
graphite,  irort,  zinc,  man- 
ganese, building  stone. 

Oil,  gas,  coal,  building  stone, 
road  material,  lime,  glass 
sand,  cement  material,  clay, 
underground  water. 
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List  of  geologic  folios  in  preparation — Continued. 


Name  of  folio. 


Mercersburg-Cham- 
beisbuig. 


Philadelphia 


Santa  Graz. 


Trenton 


State. 


Pa 


Pa.-N.  J 


Gal 


N.J.-Pa 


Watkins    Glen-Cata- 
tonk. 


N.  Y. 


Area 

in 
square 
miles. 


468 


915 


950 


912 


1,770 


Author. 


Stose,  G.  W. 


Bascom,  F.;  Barton,  N. 
H.;  Clark,  W.  B.; 
Kflmmel^'  B.;  Salis- 
bury, R.  D. 

Branner,  J.  C;  New- 
some,  J.  F.;  Arnold, 
R. 


Bascom,  F.;  Darton,  N. 
H.;  Clark,  W.  B.; 
Kiimmel  JI.  B.;  Salis- 
bury, R.  D. 

Williams,  H.  S.;  Tarr, 
R.  S.;  Kindle,  E.  M. 


Mineral  products  described 
as  occurring  in  area  of 
folio. 


Iron,  manganese,  white  clay, 
barite,  hme,  cement  mate- 
rial, sand,  clay,  building 
stone,  marble,  road  mate- 
rial, underground  water. 

Building  stone,  road  mate- 
ricU,  lime,  magnesium  car- 
bonate, soapstone,  iron, 
gravel,  sand,  pottery  clay, 
feldspar,  brick  day,  marl. 

Gold,  bUuminoua  rock,  petro- 
leum, building  stone,  road 
material,  lime,  cement  ma- 
terial, diatomaceous  shale, 
sand,  underground  water. 

Pottery  clay,  brick  clay,  moldF- 
ing  8ana,  building  sand, 
gravel,  marl,  building 
stone,  road  material,  lime, 
copper,  barite. 

Sand,  gravel,  clay,  under- 
ground water. 


6.  Mineral  Resources. — From  1883  to  1894,  inclusive,  an  octavo 
cloth-bound  volume  bearing  the  above  title  was  issued  annually, 
except  that  the  reports  for  the  years  1883-84  and  1889-90  were 
included  by  pairs  in  single  volumes.  The  first  of  this  series  was 
Mineral  Resources  of  the  United  States,  1882;  the  last,  Mineral 
Resources  of  the  United  States,  1893.  In  1894  this  form  of  publi 
cation  was  discontinued,  in  accordance  with  an  act  of  Congress,  and 
thereafter  the  statistical  material  was  included  in  certain  parts  of  the 
sixteenth,  seventeenth,  eighteenth,  nineteenth,  twentieth,  and  twenty- 
first  annual  reports.  The  separate  publication  of  the  series  on  min 
eral  resources  was  resumed,  however,  in  1901,  in  accordance  with  an 
act  of  Congress,  and  seven  volumes  of  the  new  series.  Mineral  Re- 
sources of  the  United  States  for  1900,  for  1901,  for  1902,  for  1903, 
for  1904,  for  1905,  and  for  1906,  have  been  issued. 

This  publication  contains  a  systematic  statement  of  the  produc- 
tion and  value  of  the  mineral  products  of  the  United  States,  a  sum 
mary  of  new  mineral  resources  developed,  and  short  papers  on  eco- 
nomic geology  when  these  are "  necessary  to  account  for  the  new 
developments. 


INVESTIGATIONS  RELATING  TO  NONMETAIUC 

MINERAL  RESOURCES. 


By  C.  W.  Hayes,  Chief  Geologist. 


PITBIilCATlONS  ISSUED  AND  IN  PREPARATION. 

During  the  year  1907  the  following  publications,  consisting  wholly 
or  in  part  of  the  results  of  investigations  on  the  nonmetallic  mineral 
resources  of  the  United  States,  were  issued  by  the  Survey.  Publica- 
tions relating  to  coal,  lignite,  peat,  etc.,  except  folios,  are  not  included 
in  this  list. 

BvJIXeii'm: 

No.  279.  Economic  geology  of  the  Kittanning  and  Rural  Valley  qoaJrangles, 

Pennsylvania,  by  Charles  Butts. 
No.  296.  Economic  geology  of  the  Independence  quadrangle,  Kansas,  by  F.  C. 

Schrader  and  E.  Haworth. 
No.  300.  Economic  geology  of  the  Amity  quadrangle,  eastern  Washington  Ck)unty , 

Pennsylvania,  by  F.  G.  Clapp. 
No.  304.  Oil  and  gas  fields  of  Greene  County,  Pennsylvania,  by  E.  W.  Stone 

and  F.  G.  Clapp. 
No.  309.  The  Santa  Clara  Valley,  Puente  Hills,  and  Los  Angeles  oil  districts, 

southern  California,  by  G.  H.  Eldridge  and  Ralph  Arnold. 
No.  313.  The  granites  of  Maine,  by  T.  Nelson  Dale,  with  an  introduction  by 

George  Otis  Smith. 
No.  317.  Preliminary  report  on  the  Santa  Maria  oil  district,  Santa  Barbara 

County,  California,  by  Ralph  Arnold  and  Robert  Anderson. 
No.  31 8.  Geology  of  oil  and  gas  fields  in  Steubenville,  Burgettstown,  and  Clays- 

ville  quadrangles,  Ohio,  West  Virginia,  and  Pennsylvania,  by  W.  T. 

Griswold  and  M.  J.  Munn. 
No.  321.  Geology  and  oil  resources  of  the  Summerland  district,  Santa  Barbara 

County,  California,  by  Ralph  Arnold. 
No.  322.  Geology  and  oil  resources  of  the  Santa  Maria  oil  district,  Santa  Bar- 
bara County,  California,  by  Ralph  Arnold  and  Robert  Anderson. 
No.  324.  The  San  Francisco  earthquake  and  fire  of  April  18,  1906,  and  their 

effects  on  structures  and  structural  materials,  by  G.  K.  Gilbert,  R.  L. 

Humphrey,  J.  S.  Sewell,  and  Frank  Soul^. 
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The  following  folios  are  those  in  which  nonmetallic  products  of  con- 
siderable importance  are  described.  The  substances  printed  in  italics 
are  of  most  importance. 

Folios, 

No.  143.  Nantahala  (North  Carolina-Tennessee),  by  A.   Keith.    Marble,  tatc, 

kaolin,  soapstone,  mica,  corundum,  iron. 
No.  144.  Amity  (Pennsylvania),  by  F.  G.  Clapp.     Coalf  oU,  gas,  limestone,  shale, 

sandstone. 
No.  145.  Lancaster-Mineral  Point  (Wisconsin-Iowa-Illinois),  by  U.  S.  Grant  and 

E.  F.  Burchard.    Cement,  building  stone,  glass  sand,  clay. 
No.*  146.  Rogersville  (Pennsylvania),  by  F.  G.  Clapp.     OU,  gas,  coal,  limestone, 

sandstone. 
No.  147.  Pisgah  (North  Carolina-South  Carolina),  by  A.  Keith.     Mica,  corundum, 

soapstone,  talc,  kaolin,  graphite,  building  stone,  lime,  clay. 
No.  148.  Joplin  district  (Missouri-Kansas),  by  W.  S.  T.  Smith  and  C.  E.  Sieben- 

thal.    Lime,  barite,  coal,  bitumen,  oil,  building  stone,  clay,  under- 
ground water. 
No.  149.  Penobscot  Bay  (Maine),  by  G.  O.  Smith,  E.  S.  Bastin,  and  C.  W. 

Brown.     Granite,  limestone,  building  stone,  clay. 
No.  160.  Devils  Tower  (Wyoming),  by  N.  H.  Darton  and  C.  C.  O'Harra.    Coal, 

building  stone,  clay,  gypsum,  underground  water. 
No.  151.  Roan  Mountain  (North  Carolina-Tennessee),  by  A.  Keith.    Iron,  mica, 

lime,  talc,  soapstone,  building  stone,  road  material,  clay. 
No.  152.  Patuxent  (Maryland-District  of  Columbia),  by  G.  B.  Shattuck  and 

B.  L.  Miller.    Clay,  sand,  gravel,  building  stone,  marl,  diatomaceous 

earth,  underground  water. 
No.  153.  Ouray  (Colorado),  by  W.  Cross  and  E.  Howe.    Building  stone,  lime. 
No.  154.  Winslow  (Arkansas),  by  A.  H.  Purdue  and  G.  I.  Adams.    Lime,  clay, 

coal,  underground  water. 
No.  155.  Ann  Arbor  (Michigan),  by  I.  C.  Russell  and  F.  Leverett.    Road  mate- 
rial, building  stone,  clay,  cement  material,  marl,  peat,  underground 

water. 
No.  156.  Elk  Point  (South  Dakota-Nebraska-Iowa),  by  J.  E.  Todd.    Clay,  sand, 

gravel,  cement  material,  volcanic  ash,  lignite,  underground  water. 
No.  157.  Passaic  (New  Jersey-New  York),  by  N.  H.  Darton,  W.  S.  Bayley,  R.  D. 

Salisbury,  and  H.  B.  Kiimmel.     Iron,  building  stone,  road  material, 

pottery  day,  brick  clay,  graphite,  peat,  underground  water. 
No.  158.  Rockland  (Maine),  by  E.  S.  Bastin.     Lime,  granite,  day,  peat,  road 

material,  gravel,  underground  water. 

Reports  for  which  the  field  work  has  been  completed  and  which  are 
in  an  advanced  state  of  preparation  are  the  following: 

Iron, 

The  iron  ores  and  iron  industry  of  the  Birmingham  district,  Alabama,  by  E.  C. 
Eckel,  E.  F.  Burchard,  and  Charles  Butts. 

The  iron  ores  of  the  Iron  Springs  district,  Utah,  by  C.  K.  Leith  and  E.  C.  Harder. 
(Bulletin  No.  338. ) 

Magnetite  deposits  of  the  Cornwall  type  in  Pennsylvania,  by  A.  C.  Spencer. 
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Petroleum  and  natural  gas. 

Greology  and  oil  reeonroes  of  the  Ck)aliiiga  district,  California,  by  Balph  Arnold  and 
Robert  Anderson. 

Systematic  comparison  of  the  crude  petroleum  in  the  United  States,  by  D.  T.  Day. 

Geology  of  the  Rangely  oil  field,  Rio  Blanco  County,  Colorado,  by  Hoyt  8.  Gale. 
(Bulletin  No.  350.) 

Structure  of  the  Berea  oil  sand  in  Flushing  quadrangle,  Harrison,  Belmont,  and 
Guernsey  counties,  Ohio,  by  W.  T.  Griswold.     (Bulletin  No.  346. ) 

Oil  and  gas  in  the  Sewickley,  Carnegie,  and  Clarion  quadrangles,  Pennsylvania, 
by  M.  J.  Munn. 

Geography  and  geology  of  a  portion  of  southwestern  Wyoming,  with  special  refer- 
ence to  coal  and  oil,  by  A.  C.  Veatch.     (Professional  Paper  No.  66.) 

Building  stones^  road  metaly  etc. 

The  road  materials  of  Maine,  by  E.  S.  Bastin.« 

Commercially  important  granites  of  Massachusetts,  New  Hampshire,  and  Rhode 
Island,  by  T.  Nelson  Dale.     (Bulletin  No.  354. ) 
Commercially  important  granites  of  Vermont,  by  T.  Nelson  Dale. 

Cement  and  concrete  materiah. 

Concrete  materials  produced  in  the  Chicago  district,  by  Yj.  F.  Burchard. 

The  structural  materials  in  the  District  of  Columbia  region,  by  N.  H.  Darton. 

The  structural  materials  in  the  vicinity  of  Portland,  Greg.,  and  Seattle,  Wash.,  by 
N.  H.  Darton. 

Portland  cement  mortars  and  their  constituent  materials,  by  R.  L.  Humphrey. 
(Bulletin  No.  331.    PubUshed  in  March,  1908.) 

Clays. 

The  clays  of  Arkansas,  by  J.  C.  Branner.     (Bulletin  No.  351.) 
Economic  geology  of  the  Kenova  quadrangle,  northeastern  Kentucky,  and  adjacent 
portions  of  Ohio  and  West  Virginia,  by  W.  C.  Phalen.     (Coal,  clay,  iron  ore,  petro- 
leum, and  natural  gas,  etc.)     (Bulletin  No.  349.) 

Gypsum  and  magnesUe. 

Gypsum  deposits  of  California,  by  F.  L.  Hess. 

Magnesite  deposits  of  California,  by  F.  L.  Hess.     (Bulletin  No.  355.) 

Miscellaneous. 

The  pegmatites  of  Maine,  by  E.  S.  Bastin. 

The  occurrence  of  diamonds  in  the  United  States  and  elsewhere,  by  G.  F.  Kunz. 

FIEIiD  WORK. 

As  in  previous  years,  a  large  part  of  the  work  on  nonmetalliferous 
minerals  during  1907  was  carried  on  in  connection  with  other  investi- 
gations, chiefly  areal  surveys.  By  reason  of  the  character  of  these 
deposits  they  can  not  generally  be  studied  with  advantage  in  advance 

a  To  be  published  by  the  Department  of  Agriculture. 
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of  detailed  topographic  mapping,  and  their  relations  to  the  areal 
distribution  of  the  rock  formations  are  such  that  detailed  areal  geologic 
surveys  are  also  generally  necessary. 

Iron^  mangcmese^  arid  alumimtm  ores. — ^The  investigation  of  iron  ores 
of  the  Cornwall  type  in  eastern  Pennsylvania  has  been  completed  by 
A,  C.  Spencer,  and  a  report  is  in  preparation  which  gives  the  relations 
of  these  ores  to  the  associated  rocks  in  detail  and  points  out  the  direc- 
tions in  which  prospecting  may  be  carried  on  with  the  expectation 
of  locating  other  ore  bodies  in  addition  to  those  now  known.  The 
directing  of  exploration  to  the  most  favorable  localities,  whether 
additional  ore  bodies  are  found  or  not,  will  certainly  effect  ^reat 
economies  in  future  prospecting. 

The  study  of  the  iron  ores  of  Georgia  has  been  continued  by  W.  C. 
Phalen  in  connection  with  areal  work  on  the  Ellijay  and  adjoining 
quadrangles.  His  conclusions  regarding  certain  of  these  deposits  are 
contained  in  a  paper  in  this  volume. 

The  developments  in  the  Lake  Superior  district  have  been  followed 
closely  by  C.  R.  Van  Hise  and  his  assistants.  A  report  summarizing 
the  several  monographs  already  published  and  bringing  information 
and  conclusions  regarding  the  relations  of  the  iron  ores  down  to  date 
is  in  an  advanced  state  of  preparation, 

A  systematic  examination  is  being  made  of  the  manganese  ore 
deposits  of  the  United  States  by  E.  C.  Harder,  and  a  comprehensive 
report  covering  all  known  deposits,  whether  at  present  productive  or 
not,  will  be  prepared.  Information  regarding  these  deposits  is  in 
considerable  demand,  as  it  is  at  present  necessary  to  import  a  large 
portion  of  the  manganese  ore  used  in  this  country. 

The  producing  bauxite  localities  in  Alabama,  Georgia,  and  Tennes- 
see were  visited  during  the  past  season  and  information  was  procured 
looking  to  the  preparation  of  a  comprehensive  report  on  the  aluminum 
ores  of  the  United  States. 

Structural  materials, — During  the  past  year  the  necessary  field 
work  has  been  carried  on  for  a  thorough  revision  of  Bulletin  No.  243, 
Cement  Materials  and  Industry  of  the  United  States,  by  E.  C.  Eckel. 
This  report  has  been  out  of  print  for  some  time,  and  it  was  found 
necessary,  in  view  of  the  constant  demand  for  information  on  this 
subject,  to  issue  a  new  edition.  It  was  determined,  therefore,  to 
bring  the  report  up  to  date  and  embody  the  latest  information  avail- 
able before  reissue. 

In  cooperation  with  the  structural-materials  section  of  the  techno- 
logic branch  considerable  work  has  been  done  during  the  past  year  on 
the  geologic  relations  of  building  materials  in  the  vicinity  of  several 
of  the  larger  cities,  particularly  building  stone  and  concrete  materials. 
This  work  has  been  done  chiefly  by  N.  H.  Darton  and  E.  F.  Burchard. 
Two  brief  reports  giving  some  of  their  results  appe».x  ixv^Joi&NcXxixw^, 
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The  work  on  the  New  England  granites  by  T.  Nelson  Dale  has  been 
continued  during  the  year,  and  he  has  prepared  a  report  on  the  granites 
of  Rhode  Island,  Connecticut,  Massachusetts,  and  New  Ebunpshire, 
similar  in  scope  to  Bulletin  No.  313,  on  the  granites  of  Maine. 

Work  has  also  been  in  progress  on  the  granites  of  the  Southern 
Atlantic  States  by  T.  L.  Watson  and  his  report  is  well  advanced.  It 
will  cover  all  the  Atlantic  States  south  of  Pennsylvania  and  will  be 
based  in  part  on  work  of  the  State  surveys,  much  of  which  was  done 
originally  by  Doctor  Watson. 

In  cooperation  with  the  State  of  Arkansas,  a  thorough  investigation 
is  being  made  of  the  Arkansas  slate  deposits  by  A.  H,  Purdue.  The 
detailed  economic  results  of  this  work  will  be  published  by  the  State, 
and  a  brief  statement  of  the  economic  results,  together  with  the  areal 
and  structural  geology,  will  be  embodied  in  the  Caddo  Grap  folio. 

Much  information  regarding  structural  materials,  including  clays, 
building  stone,  and  concrete  material,  has  been  collected  by  geologists 
engaged  in  various  parts  of  the  country  primarily  in  the  study  of 
areal  geology.     This  information  will  appear  in  the  geologic  folios. 

Oil  and  gas. — Detailed  surveys  have  been  continued  by  M,  J.  Munn 
in  the  western  Pennsylvania  oil  and  gas  fields,  in  cooperation  with  the 
State.  The  utility  of  this  exact  instrumental  determination  of  the 
minor  structural  features  of  the  oil  and  gas  bearing  rocks  has  been 
amply  demonstrated  by  actual  field  tests  with  the  maps  previously 
published.  The  cost  of  prospecting  is  very  greatly  reduced  by  a 
reduction  in  the  proportion  of  dry  wells  drilled  and  the  indication  of 
the  most  favorable  locations  for  the  accumulation  of  the  hydrocarbons. 
At  the  same  time  it  has  led  to  important  conclusions,  that  are  of 
general  application,  as  to  the  manner  in  which  oil  and  gas  accumulate 
in  the  rocks.  The  work,  however,  is  very  expensive  and  therefore 
has  not  been  done  extensively  except  in  cooperating  States. 

The  investigation  of  the  California  oil  fields  has  been  continued  by 
Ralph  Arnold,  the  Coalinga,  McKittrick,  Midway,  and  Sunset  fields 
having  been  covered  during  the  past  season.  Reports  on  these  fields, 
similar  in  scope  to  those  published  during  the  year  on  the  Santa  Clara, 
Puente  Hills,  Los  Angeles,  Santa  Maria,  and  Summerland  fields,  are 
in  an  advanced  state  of  preparation. 

In  connection  with  the  investigation  of  the  lead  and  zinc  deposits 
and  the  stratigraphy  of  northeastern  Oklahoma,  C,  E.  Siebenthal  made , 
a  reconnaissance  of  the  oil  fields  of  that  region.  Although  the  work 
was  not  sufficiently  detailed  to  throw  much  light  on  the  occurrence  of 
the  oil,  it  indicated  the  need  of  work,  which  is  being  planned  for  the 
coming  season. 

Phosphates, — A  thorough  reconnaissance  of  the  Utah-Idaho  phos- 
phate deposits  was  made  by  F.  B.  Weeks  and  the  report  in  prepara- 
tion, a  brief  extract  of  which  appears  in  this  volume,  will  suffice  until 
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there  are  adequate  topographic  maps  of  the  region  and  the  deposits 
are  more  thoroughly  prospected.  The  work  already  done  will  serve  to 
indicate  to  the  prospector  the  general  location  of  the  phosphatic  beds 
and  their  stratigraphic  associations. 

The  phosphate  deposits  of  Tennessee,  South  Carolina,  and  Florida 
were  visited  by  F.  B.  Van  JHorn,  and  plans  are  being  made  for  a  com- 
prehensive report  on  the  rock  phosphates  of  the  United  States. 
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INVESTIGATIONS  REUTING  TO  DEPOSITS  OF 

METALUFEROUS  QRES. 


By  Waldemar  Lindgren,  Geologist  i?)  charge. 


PUBIilCATIONS  OF  THE  YEAR. 

During  the  year  the  following  publications  on  subjects  connected 
with  the  investigation  of  deposits  of  metalliferous  ores  within  the 
United  States  proper  have  been  issued  by  the  Survey: 

BvJUeivM: 

No.  287.  The  Juneau  gold  belt,  Alaska,  by  A.  C.  Spencer,  and  A  reconnaisBance 

of  Admiralty  Island,  Alaska,  by  C.  W.  Wright. 
No.  320.  The  Downtown  district  of  Leadville,  CJolo.,  by  S.  F.  P^mmons  and  J.  D. 

Irving. 

No.  143.  Nantahala  (North  Carolina-Tennessee),  by  A.  Keith.  Ck)ntain8  descrip- 
tion of  gold  deposits. 

No.  145.  Lancaster-Mineral  Point  ( Wisconsin-Iowa-IlUnois),  by  U.  S.  Grant. 
'  Contains  description  of  zinc  and  lead  deposits. 

No.  147.  Pisgah  (North Carolina-South  Carolina),  by  A.  Keith.  Contains  descrip- 
tion of  gold  and  copper  deposits. 

No.  148.  Joplin  district  (Missouri-Kansas),  by  W.  S.  T.  Smith  and  C.  E.  Sie- 
benthal.  Contains  description  of  the  lead-zinc  deposits  of  the  Joplin 
region. 

No.  149.  Penobscot  Bay  (Maine),  by  G.  O.  Smith  and  E.  S.  Bastin.  Contains 
description  of  copper  deposits. 

No.  163.  Ouray  (Colorado),  by  "W.  Cross,  E.  Howe,  and  J.  D.  Irving.  Contains 
description  of  gold  and  silver  deposits. 

The  following  list  comprises  reports  for  which  field  work  has  been 
completed,  but  which  have  not  yet  been  issued: 

Economic  geology  of  the  Georgetown  quadrangle,  together  with  the  Empire  district, 
Colorado,  by  J.  E.  Spurr  and  G.  H.  Grarrey,  with  a  chapter  on  geology  by  S.  H.  BalL 
(Professional  Paper  No.  63.) 

Copper  deposits  of  the  Butte  district,  Montana,  by  W.  H.  Weed. 

Economic  geology  of  the  Park  City  mining  district,  Utah,  by  J.  M.  Boutwell  and 
L.  H.  Woolsey. 

Geology  and  ore  deposits  of  the  Coeur  d' Alene  district,  Colorado,  by  F.  L.  Ransome 
and  F.  L.  Calkins.     (Professional  Paper  No.  62.) 

Geology  and  ore  deposits  of  the  Goldfield  district,  Nevada,  by  F.  L.  Ransome. 

Geology  and  ore  deposits  of  the  Bullfrog  district,  Nevada,  by  F.  L.  Ransome  and 
W.  H.  Emmons. 

Geology  and  ore  deposits  of  the  Franklin  Furnace  quadrangle.  New  Jersey,  by 
A.  C.  Spencer, 
18 
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Besurve^r  of  the  Leadville  mining  district,  Colorado,  by  S.  F.  Emmons  and  J.  D. 
Irving. 

The  Tertiary  auriferous  gravels  of  the  Sierra  Nevada,  by  W.  Lindgren. 

Reconnaissance  of  the  deposits  of  metalliferous  ores  of  New  Mexico,  by  W.  Lind- 
gren, L.  C.  Graton,  and  C.  H.  Grordon. 

The  copper  deposits  of  Shasta  County,  Cal.,  by  L.  C.  Graton. 

Ore  deposits  of  the  Phillipsburg  quadrangle,  Montana,  by  W.  H.  Emmons. 

Ore  deposits  of  Mohave  County,  Ariz.,  by  F.  C.  Schrader. 

Ore  deposits  of  the  Dahlon^a  district,  Georgia,  by  A.  Keith. 

FIEIiD  WORK. 

GENERAL  STATEMENT. 

In  May,  1907,  Mr.  S.  F.  Emmons,  desiring  to  devote  his  entire 
time  to  scientific  work,  relinquished  the  administrative  duties  of  the 
section  of  metalliferous  deposits.  Since  the  organization  of  the  Geo- 
logical Survey  Mr.  Emmons  has  always  occupied  the  position  of  senior 
geologist  in  the  investigation  of  ore  deposits,  and  for  the  last  fifteen 
years  he  has  under  varying  forms  of  administration  had  entire  charge 
of  this  work.  It  is  not  necessary  to  call  attention  to  his  distinguished 
services  nor  to  tell  how  much  the  science  of  ore  deposits  has  gained  by 
his  brilliant  work.  All  those  who  have  worked  under  him  feel  deeply 
how  much  they  have  been  helped  by  his  guiding  hand,  his  pregnant 
suggestions,  and  his  indefatigable  interest  in  their  work. 

During  1907  the  funds  available  for  the  investigations  of  metallif- 
erous deposits  were  unusually  sniall,  owing  to  the  thorough  and 
extended  work  devoted  in  that  year  to  the  investigation  of  coal  depos- 
its. The  publication  of  the  papers  in  hand  was  also  greatly  delayed 
on  account  of  shortage  in  the  funds  devoted  to  printing.  For  this 
reason  very  few  bulletins  and  professional  papers  were  issued  during 
the  latter  part  of  the  year.  It  is  confidently  expected  that  next  year 
will  witness  a  great  improvement  both  in  extent  of  field  work  and 
number  of  publications  issued. 

As  during  the  previous  year,  the  supervision  of  the  collection  of 
metal  statistics  has  occupied  a  part  of  the  time  of  Messrs.  Boutwell, 
Graton,  Hess,  Lindgren,  and  Siebenthal.  This  work  can  not  be  char- 
acterized better  than  by  quoting  S.  F.  Emmons  in  Bulletin  No.  316, 
Contributions  to  Economic  Geolog}'^,  1906,  Part  I: 

This  work^comprises  more  than  a  mere  compilation  of  figures  famished  by  others 
to  show  production.  It  involves  the  tracing  of  the  metals  back  to  their  various 
sources  and  the  verification,  by  comparison  and  analysis,  of  the  necessarily  varying 
results  obtained  by  different  lines  of  investigation.  More  than  that,  its  object  is  to 
gather  at  the  same  time  such  geological  data  as  will  enable  the  geologists  in  charge 
of  the  respective  branches  of  the  work  to  prepare  an  annual  review  of  the  produc- 
tion and  prospects  of  the  different  metals  in  their  geological  as  well  as  their  tech- 
nical and  commercial  relations,  and  thus  to  provide  data  for  an  intelligent  forecast 
of  the  progress  of  the  industries  involved  and  of  the  direction  it  is  likely  to  t^kQ, 
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A  disposition  has  been  noted  in  some  technical  journals  to*  criticise 
the  diversion  of  geologic  work  in  this  direction.  This  criticism  would 
doubtless  be  justified  if  the  investigation  of  metalliferous  deposits 
should  permanently  suffer  as  a  consequence  of  this  diversion  of  geo  • 
logic  work,  but  it  should  not  be  forgotten  that  the  starting  of  this 
undertaking  involved  considerable  labor,  which  i^dll  be  rapidly  less- 
ened, so  far  as  the  geologist  in  charge  is  concerned,  when,  after 
'  acquainting  himself  fully  with  the  field,  he  can  turn  over  a  large  part 
of  the  detailed  work  to  other  men.  He  will  retain  the  supervision  and 
the  refviewing,  and  this  connection  with  practical  work  in  his  branch^ 
far  from  being  a  detriment,  will  enable  him  to  obtain  a  much  better 
knowledge  of  the  resources  of  the  nation;  and,  moreover,  the  data 
collected,  if  intelligently  handled,  will  allow  him  to  draw  many  im- 
portant geologic  conclusions. 

The  following  notes  summarize  the  geologic  work  by  members  of 
the  Survey  in  1907,  so  far  as  the  metalliferous  deposits,  except  iron, 
are  concerned : 

ARIZONA. 

In  Mohave  County,  Ariz.,  F.  C.  Schrader  completed  in  February, 
1907,  a  three  months'  reconnaissance  of  the  important  deposits  in  the 
vicinity  of  Chloride  and  those  in  the  ranges  bordering  Colorado  River. 
A  brief  review  of  this  investigation  is  contained  in  this  bulletin. 

CALIFORNIA. 

In  California  L.  C.  Graton,  aided  by  B.  S.  Butler,  completed  during 
the  last  three  months  of  the  year  a  detailed  study  of  the  copper  depos- 
its of  Shasta  County,  which  have  gained  tremendously  in  importance 
during  the  last  few  years,  and  near  which  new  reduction  plants  of  great 
magnitude  have  recently  been  constructed.  The  field  season  was 
devoted  to  the  study  of  the  pyritic  deposits  on  the  western  side  of 
Sacramento  River. 

COLORADO. 

In  the  northern  part  of  Colorado  H.  S.  Gale  examined  extensive 
deposits  of  gold-bearing  gravels,  an  account  of  which  may  be  found 
in  this  bulletin.  This  work  was  done  in  connection  with  the  study  of 
coals  in  this  region. 

In  the  central  part  of  Colorado  the  writer  devoted  two  weeks  to  the 
study  of  certain  copper  deposits,  most  of  them  of  pre-Cambrian  age, 
of  which  an  account  is  also  given  in  the  following  pages.  The  locali- 
ties studied  are  in  Chaffee,  Fremont,  and  Jefferson  counties. 
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MONTANA. 

Wk  H.  Emmons  completed  in  August  and  September  the  examina- 
tion of  the  precious-metal  deposits  in  the  Phillipsburg  quadrangle, 
Montana.  On  his  return  he  spent  two  weeks  in  a  reconnaissance  of 
the  gold-bearing  districts  of  the  Little  Rocky  Mountains.  A  brief 
report  on  these  districts  is  contained  in  this  bulletin. 

IDAHO. 

Little  work  has  been  done  in  Idaho  during  1907.  F.  B,  Weeks  and 
V.  C.  Heikes  spent  a  few  days  in  the  Fort  Hall  mining  district,  near 
Pocatello,  and  have  prepared  a  paper  on  the  occurrences  in  this  region, 
which  will  be  found  in  the  following  pages. 

NEW  MEXICO. 

No  geologic  work  was  done  in  New  Mexico  in  connection  with  metal- 
liferous deposits.  A  topographic  map  of  the  Silver  City  quadrangle, 
which  includes  the  long  known  gold  and  silver  veins  of  Pinos  Altos 
and  the  recently  developed  copper  deposits  of  the  Burro  Mountains, 
has  been  prepared  during  the  year. 

NEVADA. 

No  extensive  work  was  accomplished  in  Nevada  during  1907.  In 
the  fall  F,  B,  Weeks  visited  the  gold  and  tungsten  veins  in  the  vicinity 
of  Osceola,  and  has  prepared  a  paper  on  these  occurrences  for  the 
present  bulletin. 

Owing  to  ill  health,  F.  L.  Kansome  was  unable  to  visit  Goldfield  in 
order  to  gather  the  data  of  the  latest  developments  in  that  camp  for 
his  forthcoming  professional  paper.  A  topographic  map  of  the  region 
extending  northward  from  Tonopah,  embmcing  1^  of  latitude  by  1° 
of  longitude,  was  prepared  by  the  topographic  branch. 

« 

OREGON. 

J.  S.  Diller  and  G.  F.  Kay  investigated  the  gold  veins  and  placers 
of  the  Riddles  quadrangle,  in  southwestern  Oregon,  in  connection 
with  the  general  geologic  mapping.  A  summary  of  the  mining  devel- 
opments in  that  area  has  been  prepared  for  the  present  bulletin. 

MISSISSIPPI  VALLEY  STATES. 

In  the  early  part  of  the  year  C.  E.  Siebenthal  completed  the  field 
work  in  the  Wyandotte  quadrangle,  Oklahoma-Missouri,  and  studied, 
in  connection  with  the  general  geology,  the  lead  and  zinc  deposits 
occurring  in  that  area. 

In  November  F.  L.  Hess  devoted  a  week  to  a  reconnaissance  of 
some  interesting  veins  of  antimony  ore  in  Arkansas,  a  report  on  which 
Is  contained  in  this  bulletin. 


22         OONTBIBUTIONS  TO  EOONOMlO  GBOLOOY,  1607.  PABT  1. 

APPALACHIAN  STATES. 

In  the  Southern  Appalachian  States  Arthur  Kei£&  completed  the 
mapping  of  the  Dahlonega  special  area,  Georgia,  which  will  form  the 
basis  for  a  report  on  the  important  gold  mines  of  this  vicinity. 

D.  B.  Sterrett  investigated  the  gold-bearing  gravels  of  the  Morgan- 
ton  quadrangle,  Nortii  Carolina,  in  connection  with  the  general  geo- 
logic mapping. 

In  November,  1907,  H.  D.  McCaskey  undertook  a  reconnaissance  of 
the  gold  deposits  in  Alabama,  concerning  which  comparatively  little, 
authentic  information  has  been  available.  The  veins  are  in  the  main 
similar  to  those  of  Georgia  and  North  Carolina.  A  preliminary  note 
describing  these  occurrences  will  be  found  in  the  pages  of  this 
bulletin. 

A  brief  reconnaissance  of  the  molybdenum  deposits  of  Maine  was 
made  by  F.  L.  Hess,  who  gives  an  account  of  them  in  this  bulletin. 


GOLD  AND  SILVER. 


A  GEOLOGICAI  ANALYSIS  OF  THE  SILVER  PRODUC- 
TION OF  THE  UNITED  STATES  IN  1906. 


By  Waldbmar  Lindgren. 


THE  PRODUCTION  OF  SIIjTEB. 

Previous  to  1860  the  production  of  silver  in  the  United  States  was 
almost  nominal,  the'  yearly  output,  according  to  the  tables  of  the 
Director  of  the  Mint,  reaching  a  maximum  of  only  38,500  fine  ounces 
per  annimi.  In  1859  the  output  rose  to  116,000  ounces.  In  1861  the 
figure  given  is  1,546,900  fine  ounces,  and  thereafter  the  increase  was 
rapid,  owing  to  the  new  discoveries  in  Nevada  and  Colorado.  For 
1876  the  figures  had  almost  reached  30,000,000  ounces.  The  silver 
from  the  exceptionally  rich  ores  near  the  croppings  of  the  newly  dis- 
covered deposits  poured  into  the  mints  and  refining  works.  It  was 
the  time  of  the  bonanzas  at  Virginia  City,  Reese  River,  White  Pine, 
and  Eureka,  in  Nevada;  the  Silver  King,  in  Arizona;  the  Lake 
Valley  mines,  in  New  Mexico,  and  the  Drumlummon  and  Bimetallic 
mines,  in  Montana.  From  1876  to  1892  the  production  kept  on  in- 
creasing, and  in  the  latter  year  attained  the  maximmn  recorded, 
63,500,000  fine  •  ounces.  The  silver  derived  as  a  by-product  from 
copper  and  lead  smelting  began  to  add  its  quota  to  that  from  the 
silver  mills,  and  so  even  in  the  face  of  a  declining  tendency  of 
the  silver  market  the  output  of  silver  increased.  The  serious  decline 
in  the  price  of  silver  began  about  1875,  when  the  average  price  re- 
ceded to  $1.24  per  ounce.  For  many  years  previous — in  fact,  as  far 
back  as  1833 — the  price  had  hardly  ever  fallen  below  $1.30  per  ounce. 
From  1875  to  1892  the  decline  was  practically  continuous,  and  in  that 
year  of  maximum  production  the  price  fell  to  87  cents  per  ounce. 
The  low  price  now  began  seriously  to  affect  minirig  and  operations 
had  to  be  abandoned  in  many  camps.  Naturally  the  silver  ores — ^that 
is,  those  which  contained  no  base  metals  and  but  little  gold — ^were 
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affected  by  this  condition  first,  and  the  result  was  the  decadence  of 
the  old  silver  milling  camps  where  the  pan-amalgamation  process 
was  the  principal  method  of  reduction.  On  the  other  hand,  a  large 
portion  of  the  silver  was  now  obtained  as  a  by-product  of  lead  and 
copper  ores.  The  decline  from  the  greatest  production  in  1892  cov- 
ered only  two  years.  In  1894,  49,500,000  fine  ounces  were  mined,  but 
the  very  next  year  the  production  rose  to  nearly  56,000,000  ounces. 
Since  that  time  it  has  remained  approximately  steady,  the  yield  in 
fine  ounces  for  the  last  three  years  having  been  as  follows :  1904,  57,- 
682,800;  1905,  56,101,600;  1906,  56,517,900.  Meanwhile  the  price  of 
silver  steadily  went  down  to  a  minimum  of  approximately  53  cents 
as  an  average  for  the  year  1902,  since  which  time  it  has  again  gradu- 
ally risen  to  67  cents  per  ounce  as  an  average  for  1906.  The  great 
reduction  in  price  has  found  but  little  expression  in  the  quantity 
annually  recovered,  and,  as  already  emphasized,  this  is  due  to  the 
steadying  tendency  of  the  precious  metal  obtained  from  the  copper 
and  lead  smelters. 

GEOIiOGICAIi  CONDITIONS. 

The  silver  ores  of  the  United  States  are  of  many  different  types 
and  are  derived  from  deposits  in  many  formations. 

It  is  well  known  that  no  silver-bearing  veins  exist  which  are  the 
exact  counterpart  of  the  gold-quartz  veins  containing  native  gold. 
Native  silver  is  almost  invariably  due  to  oxidizing  surface  processes 
acting  on  primary  argentiferous  sulphides.  One  class  of  silver- 
bearing  veins,  of  which  many  examples  may  be  found  in  Montana, 
Idaho,  and  other  States,  is  contained  in  granitic  rocks  or  is  ac- 
companied by  porphyries  consolidated  at  considerable  depth.  The 
normal  gangue  is  white  massive  quartz  through  which  the  sulphides 
are  sparsely  disseminated.  Such  veins  are  apt  to  be  rich  near  the 
surface,  where  secondary  sulphides  and  sulphantimonites  have 
formed,  but  generally  they  are  disappointing  below  the  water  level, 
where  the  primary  ore  is  reached.  Others  of  similar  type,  exempli- 
fied by  certain  veins  in  Clear  Creek  County,  Colo.,  contain  more 
abundant  sulphides,  among  which  galena  generally  predominates, 
and  may  be  successfully  worked  by  concentration  even  below  the  sur- 
face zone  of  enrichment. 

Another  class  of  silver  veins  cut  through  volcanic  flows  which 
have  consolidated  at  or  near  the  surface,  and  it  can  be  satisfactorily 
proved  that  many  of  these  veins  themselves  were  formed  at  very 
moderate  depths.  The  gangue  is  here  also  prevailingly  quartzose, 
but  usually  very  fine  grained,  chalcedonic,  and  drusy,  and  in  many 
places  it  contains  adularia.  The  quartz  is  characterized  by  primary 
argentite  accompanied  by  very  small  amounts  of  lead,  zinc,  and 
copper  sulphides.    In  dry  climates  oxidation  and  the  secondary  dep- 
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osition  of  sulphantimonites  have  enriched  the  upper  parts  to  an 
extraordinary  degree.  Illustrations  of  this  are  found  in  the  Tonopah 
and  Comstock  ores  of  Nevada,  the  MogoUon  ores  of  New  Mexico, 
and  the  Silver  City  ores  of  Idaho. 

A  third  class  of  silver  deposits  are  found  in  limestones  and  here 
generally  in  connection  with  intrusive  rocks — ^granite,  diorite,  monzo- 
nite,  or  other  porphyries.  Almost  without  exception  these  ores  con- 
tain lead,  and  usually  also  copper  and  zinc,  and  in  their  primary 
forms  the  value  of  the  base  metals  generally  exceeds  that  of  the  silver. 
Both  quartz  and  calcite  appear  in  the  gangue.  Secondary  silver 
sulphides  or  sulphantimonites  are  less  common  in  these  ores  near 
the  surface,  but  native  silver  and  especially  horn  silver  (cerargyrite) 
form  abundantly.  A  mechanical  enrichment  by  the  solution  of  the 
limestone  aids  the  ordinary  concentration  by  oxidation,  and  thus 
the  upper  parts  of  many  such  deposits  are  extremely  rich,  as  exempli- 
fied at  Leadville  and  Lake  Valley.  Oxidized  iron  and  manganese 
ores,  almost  free  from  lead  but  containing  silver,  are  among  the  end 
products  of  the  oxidation  of  these  deposits. 

Very  likely  it  will  be  found  that  the  three  classes  of  ores  mentioned 
are  simply  diverse  products  of  the  same  vein-forming  action,  their 
characteristics  being  dependent  on  the  depth  below  the  surface  and 
varying  physical  conditions,  or  on  the  character  of  the  rock  aflFected. 
The  exposure  of  the  veins  deposited  at  deeper  levels  requires,  however, 
long  erosion,  and  it  will  usually  be  found  that  these  deep-seated 
veins  were  formed  at  an  earlier  period  than  those  breaking  up 
through  volcanic  surface  flows.  The  Leadville  deposits  are  probably 
older  than  those  of  Silver  Cliff  or  those  of  the  MogoUon  district. 
They  were  probably  deposited  during  the  early  Tertiary,  whereas 
the  silver  ores  from  the  two  localities  last  mentioned  are  more  likely 
to  belong  to  the  latter  part  of  the  same  period. 

Our  knowledge  of  the  individual  districts  is  as  yet  imperfect,  but 
we  are  rapidly  approaching  a  stage  where  we  are  justified  in  attempt- 
ing a  classification  of  the  ores  on  the  basis  of  geological  occurrence. 
Even  now  it  may  be  done  in  a  tentative  way,  for  the  more  important 
districts  are  fairly  well  known. 

CliASSIFICATION  OF  ORES. 

A  consistent  classification  of  ores  presents  great  difficulties  from 
whatever  standpoint  it  may  be  undertaken.  This  is  only  natural,  as 
there  are  gradations  between  any  ores  that  may  be  selected  as  types. 
Nevertheless  it  is  possible  to  arrange  them  in  certain  groups,  and  such 
a  classification  has  been  undertaken  in  the  chapter  on  gold  and  silver 
in  the  annual  volume  "  Mineral  Resources  of  the  United  States  " 
issued  by  the  Geological  Survey.  The  basis  for  the  classification  is 
really  metallurgical.    The  silver  product  is  divided  according  t»  It.^ 


26  CONTBIBUTIONS  TO  ECONOMIC  GEOLOGY,  1907,  PABT  I. 

derivation  from  placers,  dry  or  siliceous  ores,  copper  ores,  lead  ores, 
zinc  ores,  and  mixed  ores.  The  small  amount  of  silver  contained  in 
placer  gold  is  relatively  insignificant.  As  copper  ores  are  desig- 
nated those  which  contain  2^  per  cent  or  more  of  copper,  equivalent 
to  50  pounds  per  short  ton.  The  ores  containing  over  4^  per  cent 
of  lead,  or  90  pounds  per  ton,  are  called  lead  ores.  The  dry  or 
siliceous  ores  comprise  all  of  those  which  contain  only  small  amounts 
of  copper,  lead,  or  zinc  or  which  do  not  contain  these  metals  at  all. 
In  the  main  they  are  siliceous  ores  containing  only  gold  and  silver, 
although  necessarily  included  with  them  are  small  amounts  of  ores 
containing  chiefly  iron  pyrite  or  else  oxidized  ores  rich  in  hematite, 
limonite,  or  oxides  of  manganese. 

In  the  mines  report  on  the  production  of  gold  and  silver  in  1906 
the  division  of  the  silver  product  is  as  follows : 

Sources  of  silver  product  in  United  States,  1906. 

Fine  ounces. 

Placers 171, 058 

Dry  or  siliceous  ores 16,  792,  799 

Copper  ores ._ 15,880,870 

Lead  ores i 15,328,653 

Zinc  ores 98,423 

Mixed  sulphide  ores 9,090,650 

57,  362,  453 

From  the  standpoint  of  tonnage  of  gold  and  silver  ores  the  product 
of  the  Cordilleran  States,  the  southern  Appalachians,  and  Alaska  in 
1906  is  divided  as  follows : 

Classification  of  gold  and  silver  ores  produced  in  deep  mines  in  United  Statea, 

1906. 

Short  tons. 

Dry  or  siliceous  ores 9,230,616 

Copper  ores ^ 10,483,308 

Lead  ores 2, 270, 822 

Zinc  ores 68, 296 

Mixed  sulphide  ores 1,183,785 

23,  236,  827 

About  30  per  cent  of  the  total  silver  production  is  thus  derived 
from  dry  or  siliceous  ores  and  these  ores  constitute  about  39  per  cent 
of  the  total  tonnage  of  the  deep  mines. 

THE  SII^VER-BASE  METAIi  ORES. 

It  is  first  to  be  considered  that  there  is  a  certain  quantity  of  silver 
ore  among  the  copper,  lead,  zinc,  and  mixed  ores.  If  we  define  silver 
ores  as  those  which  contain  not  more  than  3  ounces  of  gold  per  100 
ounces  of  silver  or  in  which  the  value  of  the  silver  (at  the  present 
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prices)  ia  equal  to  or  greater  than  the  combined  value  of  the  other 
metals  utilized  in  the  ore,  the  foUowiug  table  (No.  1)  can  be  con- 
structed from  the  individual  returns.  In  the  compilation  of  this  and 
the  following  tables  I  have  had  the  assistance  of  Mr.  James  M.  Hill. 

Tabu  1.— Tonnage  and  metaUic  proSucta,  bv  States  in  the  United  Btatea,  in 
1906,  oi  ores  cla»»ea  as  copper,  lead,  nine,  and  inixed  ores,  tn  which  silver 
predotninatet  in  value. 


BUM. 

o™. 

8  river. 

Gold. 

OOPPM. 

L»ad. 

ZIiui. 

188 

i7s,aw 
ta.m 

ffi,713 

w;m8 

S4,<M0 

831. S35 
Z,767'09t 

B7* 

1,800 

33S,T8G 

n'.ssa 

SM.TIB 

Pov.ndt. 
a.BU 

Poinds. 

l,Kl 

16.037  IfllB 

tIsislsBB 
1,168.126 
13.118,471 

Potltuft. 

'■1;S 

1,116,898 

3H..5M 

7,370,611 

057, 4SS 

3,(IM,(»99 

a3.m,se7 

S.  089.158 

Of  the  great  output  of  copper,  lead,  zinc,  and  mixed  ores,  approxi- 
mating 14,000,000  tons,  only  350,5S2  tons  can  be  properly  classed  as 
silver  ores.  These  are  derived  from  134  mines  in  seven  States.  Out 
of  about  41,000,000  fine  ounces  of  silver  from  such  copper,  lead,  zinc, 
and  mixed  ores  only  7,379,514  ounces,  or  about  one-sixth,  were  derived 
from  silver  ores  which  average  about  21  ounces  of  silver,  $1.88  in 
gold,  8.6  pounds  of  copper,  94  pounds  of  lead,  and  14  pounds  of  zinc 
per  ton. 

It  is  seen  at  a  glance  that  the  only  two  really  important  States,  so 
far  as  these  ores  are  concerned,  are  Colorado  and  Utah. 

The  product  of  Arizona  is  derived  from  imperfectly  known  dis- 
tricts in  Gila,  Mohave,  and  Santa  Cruz  counties,  and  in  part  probably 
represents  oxidized  and  enriched  ores.  The  product  of  California, 
likewise  small,  comes  from  Inyo  and  Orange  counties. 

Colorado  yields  about  one-half  of  this  class  of  ores,  and  they  con- 
tain on  an  average  nearly  $10  in  gold  per  100  ounces  of  silver.  Re- 
placement deposits  of  deep-seated  type  in  limestone  of  IjcadviUe  and 
Aspen  produce  1,632,000  ounces,  or  about  one-half  of  the  Colorado 
total.  A  smaller  part  of  this  consists  of  oxidized  ores.  Fissure  veins 
in  various  older  rocks,  principally  deposits  connected  with  intrusive 
rocks  in  Summit,  Park,  Gunnison,  and  Clear  Creek  counties,  con- 
tribute 438,000  ounces.  Clear  Creek  County  alone  yields  280,000 
ounces  mainly  from  sulphide  ores,  a  small  part  of  which  were  enriched 
by  secondary  sulphides.  Fissure  veins  in  volcanic  flows  or  in  close 
connection  with  them  add  1,408,000  ounces  to  the  total,  and  ores  of 
this  kind  were  confined  almost  exclusively  to  the  San  Juan  country, 

Idaho  has  only  the  small  production  of  215,736  ounces,  which  is 
derived  from  galena-tetrahedrite  veins  of  the  Wood  Bivec  dvatcv*A 
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and  from  the  Gold  Hunter  mine  in  the  Coeur  d'Alene  district  The 
Wood  River  veins  cut  through  limestone;  the  Gold  Hunter  deposit 
occurs  in  quartzite.  Both  belong  to  the  comparatively  deep-seated 
type. 

In  Montana  631^35  ounces  of  silver  are  produced  from  ores  of  this 
type,  and  all  of  them  are  lead  ores.  Practically  all  these  ores  occur 
in  fissure  veins  in  or  about  the  contacts  of  intrusive  quartz-monzonite 
stocks,  and  a  few  of  the  deposits  are  contained  in  limestone.  Silver- 
Jbow  County  (Butte)  adds  367,000  ounces  and  the  remainder  is  dis- 
tributed through  Beaverhead,  Cascade  (Neihart),  Granite,  Jefferson, 
and  Lewis  and  Clark  counties. 

Few  lead  ores  rich  in  silver  are  mined  now  in  Nevada,  although 
formerly  large  quantities  were  obtained,  chiefly  from  the  Eureka  dis- 
trict. In  1906  Nevada  contributed  only  253,784  ounces,  which  were 
principally  divided  between  the  Lone  Mountain  district  in  Esmeralda 
Coimty,  the  Eureka  and  Cortez  districts  in  Eureka  County,  the  Beese 
River  and  Bullion  districts  in  Lander  County,  and  the  Hunter  and 
Newark  districts  in  White  Pine  County.,  So  far  as  known  most  of 
the  deposits  belong  to  the  older  series  associated  with  intrusive  gran- 
itic and  porphyritic  rocks.  Many  of  them,  as  for  instance  those  of 
White  Pine  and  Eureka,  are  replacement  deposits  in  limestone; 
others,  as  for  instance  those  of  Reese  River,  are  normal  fissure  veins 
cutting  through  granitic  rocks. 

Utah  contributes  2,757,094  ounces,  or  almost  as  much  as  Colorado. 
Practically  the  whole  output  is  divided  between  Tintic  and  Park 
City,  being  derived  from  replacement  deposits  in  limestone  associated 
with  intrusive  rocks.  Tintic  yields  2,200,000  ounces  with  copper  as 
well  as  lead,  and  Park  City  furnishes  the  remainder. 

In  conclusion,  it  appears  that  of  about  7,400,000  ounces  derived 
from  lead  ores  rich  in  silver  4,600,000  ounces  are  obtained  from  re- 
placement deposits  in  limestone;  1,323,000  ounces  from  fissure  veins 
in  various  rocks,  standing  in  close  connection  with  intrusive  rocks; 
and  finally  1,408,000  ounces  from  fissure  veins  in  Tertiary  lava  flows. 

THE  SIIilCEOUS  SJIiVER  ORES. 

GENERAL  STATEMENT. 

Next  comes  the  question  how  much  of  the  9,000,000  tons  of  dry  or 
siliceous  ores,  containing  about  17,000,000  ounces  of  silver,  is  derived 
from  ores  which  can  be  classed  as  silver  ores.  Dry  or  siliceous  silver 
ores  may  be  rather  arbitrarily  defined  as  those  in  which  the  value  of 
the  silver  is  equal  to  or  greater  than  that  of  the  gold,  and  in  which 
copper  and  lead  are  below  2^  per  cent  and  4^  per  cent,  respectively. 
In  other  words,  on  the  basis  of  62  cents  per  ounce  the  ore  contains  at 
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least  100  ounces  of  silver  to  3  ounces  of  gold.    The  classification  of 
the  returns  results  in  the  following  table : 

Table  2. — Tonnage  and  metallic  products,  hy  States  in  the  United  States,  in 
1906,  of  ores  classed  as  dry  or  siliceous  in  which  the  proportion  of  gold  to 
silver  hy  weight  is  S  :  100  or  less. 


state. 


Ores. 


AilzcHia 

Oalifomla 

Colorado 

Idaho 

Montana 

Kevtida 

New  MeKlco— 

OreffOD 

South  Dakota 

l^exas 

Utah 

Washington- 


Short  tons. 

180.100 

4,845 

230,801 

36.526 

30.399 

124.451 

19.906 

4 

600 

22.751 

14.866 

161 


695.560 


Sflver. 


Ounces. 

1.147.069 

104.055 

2.438,202 

800.814 

843.434 

6,080.318 

809.776 

111 

3.60O 

292.647 

131,051 

6.419 


12,166.516 


Gold. 


$253,139 

7.200 

88,087 

85.727 

105.789 

1.401,248 

128,762 


4,684 
20 


2,074,656 


Lead. 


Pounds. 
2,119,165 


8,412,963 

920.269 

553.188 

5,725 

11,597 


9.000 
188^987' 


7,220,844 


Copper. 


Pounds. 
725 


61,601 


3.600 
3,699 
1.39D 


8,437 


79.481 


From  this  table  it  will  be  seen  that  the  United  States  produced  in 
1906  only  about  700,000  tons  of  dry  or  siliceous  silver  ore,  containing 
approximately  12,000,000  ounces  of  silver,  $2,000,000,  or  roughly 
100,000  ounces,  of  gold,  about  7,000,000  pounds  of  lead,  and  80,000 
pounds  of  copper.  The  silver  ores  clearly  contain  very  little  copper 
and  three- fourths  of  this  comes  from  Colorado.  On  the  other  hand, 
much  of  the  silver  accompanies  the  lead.  Another  point  brought  out 
is  that  the  gold  contained  in  these  ores  falls  considerably  short  of  the 
proportion  established  for  the  purposes  of  this  table.  This  means,  of 
course,  that  the  ores  in  which  the  gold  and  silver  are  present  to  ap- 
proximately the  same  value,  or  in  which  the  gold  is  only  slightly  less 
than  the  silver,  form  only  a  small  part  of  the  total  tonnage  in  the 
table.  The  proportion  shown  by  the  table  is  about  100 : 0.8  instead  of 
100:3,  as  required  by  the  rule  laid  down  above.  The  silver  ore  is 
derived  from  12  States,  being  produced  at  219  mines  in  103  mining 
districts.  The  average  content  is  about  19  ounces  of  silver  and  $1.85 
in  gold  per  ton.  In  the  number  of  mines  as  well  as  in  the  tonnage 
Colorado  easily  leads.  In  the  quantity  of  silver  produced,  however, 
Nevada  occupies  the  first  rank,  and  in  fact  contributes  more  than  half 
of  the  total  production  of  silver  and  almost  three- fourths  of  the  total 
production  of  gold.  The  rank  of  the  States  in  silver  production  from 
these  ores  is  as  follows :  Nevada,  Colorado,  Arizona,  Montana,  Idaho, 
New  Mexico,  Texas,  Utah,  California,  Oregon,  Washington,  and 
South  Dakota.  The  only  States  of  importance  which  produce  silver 
ore  without  any  yield  of  lead  or  copper  are  California,  Oregon,  Wash- 
ington, and  Texas.  In  the  case  of  Texas  this  is  not  strictly  true,  as 
the  tailings  from  the  Shafter  mine  contain  a  small  amount  of  galena. 
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For  further  discussion  it  will  be  desirable  to  segregate  the  items 
given  in  Table  2  into  three  classes: 

1.  The  ores  which  contain  lead  and  copper. 

2.  The  ores  which  contain  no  lead  or  copper,  and  in  which  the  pro- 
portion of  gold  to  silver  ranges  from  3 :100  to  0.5 :100  by  weight. 

3.  The  ores  which  contain  no  lead  or  copper  and  in  which  the  pro- 
portion  of  gold  to  silver  is  0.5 :100  or  less  by  weight.  In  other  words, 
ores  which  contain  $10  in  gold  or  less  per  100  ounces  of  silver.  These 
ores  may  be  called  pure  silver  ores. 

THE  SILVER-LEADrCOPPER  ORES. 

The  first  class  is  summarized  in  Table  3. 

Table  3. — Tonnage  and  metallic  products,  by  States  in  the  United  States,  in 
1906,  of  silver  ores  classed  as  dry  or  siliceous  ores,  which  contain  lead  or 
copper. 


state. 


Arizona 

Colorado 

Idaho-^^ 

Montana 

Nevada 

New  Mexico 

South  Dakota 

Utab..^.^ 


Ore. 


Short  tons. 
66.821 
205,937 
19,029 
21,428 
271 
1,24a 
600 
14,791 


390,117 


Silver. 


Ovmees, 

620,490 

1,654,992 

91.640 

520.205 

40,832 

21,200 

3.600 

125,633 


3,078,592 


Gold. 


$148,617 

79,996 

99 

70,608 

1.361 

115,000 

8^780" 


419,458 


Lead. 


Pounds. 

2,119.166 

8,412,963 

920.269 

553,188 

6,725 

11,597 

9.000 

188,987 


7,220,844 


Oopper. 


Pounds. 
725 
61,601 


3,600 
8,609 
1,899 


8.457 


79,481 


The  insignificance  of  copper  as  a  constituent  of  silver  ores  is  again 
seen.  Colorado,  Arizona,  Montana,  and  Utah  are  here  the  most  im- 
portant States.  A  total  of  3,078,592  ounces  is  derived  from  these 
ores,  which  average  8  ounces  of  silver,  $1.30  in  gold,  and  22  pounds 
of  lead  per  ton.  The  table  in  general  comprises  the  same  kind  of 
ores  as  shown  in  Table  1,  but  with  smaller  percentages  of  lead.  The 
largest  part  of  the  Arizona  product  is  contributed  by  the  Tombstone 
mine,  working  veins  and  replacements  in  limestone,  quartzite,  and 
shale  near  bodies  of  intrusive  rocks. 

In  Colorado  ores  of  this  type  may  again  be  separated  into  three 
classes.  Replacement  deposits  in  limestone  and  quartzite,  some  from 
Leadville,  but  the  majority  from  Aspen,  aggregate  540,000  ounces. 
Fissure  veins  connected  with  intrusive  rocks  yield  130,000  ounces, 
chiefly  from  Clear  Creek,  but  also  from  Park,  Gunnison,  and  other 
counties.  The  fissure  veins  contained  in  volcanic  surface  flows  yield 
900,000  ounces,  and  these  ores  are  derived  chiefly  from  Mineral 
County  (Creede),  but  also  from  San  Miguel,  Custer,  Hinsdale, 
Ouray,  and  San  Juan  counties — all^  with  the  exception  of  Custer,  in 
the  southwestern  part  of  the  State.  For  Idaho  is  recorded  19,000 
ounces,  from  the  replacement  veins  in  limestone  of  the  Wood  Eiver 
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region.  Montana  contributes  520,000  ounces,  practically  all  from 
older  fissure  veins  in  Cascade,  Granite,  Jefferson,  and  Madison  coun- 
ties. A  small  quantity,  nearly  41,000  oimces,  comes  from  the  Beese 
River  and  Columbus  districts  in  Nevada,  presumably  from  older 
fissure  veins.  New  Mexico  adds  21,000  oimces  from  similar  deposits 
in  Luna  and  Dona  Ana  counties.  Utah  produces  about  126,000 
ounces  from  replacement  deposits  in  limestone  at  Tintic  and  Park 

aty. 

To  sum  up,  the  silver  ores  containing  a  little  lead  (or  copper)  are 
derived  approximately  as  follows: 

Sources  of  aUver-lead-copper  ores  in  the  United  States,  1906, 

Ounces. 

1.  Replacement  deposits  in  limestone 1, 305, 000 

2.  Fissure  veins,  connected  with  Intrusive  rocks   (not 

always  to  be  separated  strictly  from  No.  1) 712,000 

3.  Fissure  veins  in  Tertiary  volcanic  surface  flows 900, 000 

2, 917, 000 
The  small  balance  is  from  deposits  of  unknown  character. 

THE  SILVER-GOLD  ORES. 

The  second  class  of  ores  is  simimarized  in  Table  4,  which  shows 
that  about  7,500,000  ounces  of  silver  and  over  $1,500,000  in  gold 
are  obtslined  from  dry  or  siliceous  silver  ores  without  reported  lead 
or  copper  and  with  gold  ranging  from  0.5  to  3  ounces  per  100  ounces 
of  silver.  This  ore  comes  from  8  States,  being  the  output  of  50  mines 
in  22  mining  districts,  and  averages  about  28  ounces  of  silver  and  $6 
in  gold.  Compared  with  the  total  the  tonnage  of  these  ores  is  small, 
aggregating  only  about  270,000  short  tons. 

Table  4. — Tonnage  and  metallic  products,  hy  States  in  the  United  States,  in 
1906,  of  silver  ores  classed  as  dry  or  siliceous,  containing  no  lead  or  copper  and 
from  0.5  to  S  otmces  of  gold  per  100  ounces  of  silver. 


state. 


Arfeona..... 

Oolorado 

Idaho 

MoDtana 

Nevada 

New  Mexico 

Utah 

Washington. 


Ore. 

Silver. 

Short  tons. 

Ounces, 

104,649 

434.697 

495 

16,997 

17,426 

714,866 

4,638 

122,111 

124,020 

6,021,284 

16,088 

271,767 

35 

2.818 

16 

90 

267,267 

7,584,630 

Gold. 


$100,815 

6.675 

85.628 

24,423 

1,899.883 

13,235 

846 

20 

1,629.975 


The  whole  production  of  Arizona  in  this  class  is  derived  from 
fissure  veins  in  volcanic  flows,  principally  rhyolite  or  dacite,  and  the 
larger  part  of  it  comes  from  Cochise  County.    Colorado  produces 
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only  a  very  small  amount  of  these  ores,  about  equally  divided  between 
j&ssure  veins  in  volcanic  flows  and  those  connected  with  intrusive  rocks. 
In  Idaho  the  whole  output  is  from  veins  connected  with  surface 
flows  of  lavas  in  Owyhee  County.  Montana  furnidies  122,000  ounces 
from  the  Butte  silver  veins,  in  granite.  By  far  the  largest  output  is 
contributed  by  Nevada,  principally  from  Tonopah,  which  is  respon- 
sible for  nearly  5,700,000  ounces;  but  similar  ores  are  also  mined  in 
the  Bullfrog  and  Fairview  districts  and  from  the  Comstock.  Smaller 
amounts  come  from  Humboldt,  Elko,  and  Lyon  counties.  All  of 
these  ores  come  from  fissure  veins  or  allied  deposits  in  Tertiary  vol- 
canic flows.  New  Mexico  yields  272,000  ounces,  from  veins  in  vol- 
canic flows,  chiefly  from  the  Mogollon  district. 

To  sum  up,  the  ores  of  this  class  appear  to  be  eminently  character- 
istic of  veins  in  Tertiary  volcanic  flows.  Practically  the  entire  out- 
put, except  insignificant  quantities  from  Colorado,  Montana,  Utah, 
and  Washington,  is  derived  from  Such  deposits. 


THE  SILVER  ORES. 

The  third  class  of  the  dry  or  siliceous  silver  ores  may  be  called  the 
pure  silver  ores.  They  consist  of  those  which  contain  no  reported 
lead  or  copper  and  in  which  the  proportion  of  gold  to  silver  is  very 
small — ^less  than  0.5  ounce  of  gold  per  100  ounces  of  silver.  The  pro- 
duction of  these  ores  by  States  is  illustrated  in  Table  5. 

Table  5. — Tonnage  and  metallic  productSj  hy  States  in  the  United  States,  in 
1906,  of  silver  ores  containing  no  lead  or  copper  and  less  than  0.5  ounce  of 
gold  per  ton. 


state. 


Arizona. 

Oalifomia 

Colorado 

Idaho 

Mohtana 

Nevada 

New  Mexico- 

OregoQ 

Texas 

Utah 

Washlnsrton.. 


Ore. 

Sflver. 

Short  tons. 

Ouriees, 

8,790 

91,902 

4,845 

104,065 

54,450 

756,213 

70 

3,306 

4,333 

201,118 

100 

18.202 

2.578 

16,809 

4 

111 

22,751 

292,647 

40 

2,600 

145 

6,329 

98,175 

1,503,294 

Gk>ld. 


$3,707 
7,200 
2,414 


10,769 
554 

527 

58 

25,223 


The  table  shows  that  only  about  1,500,000  ounces,  or  one-fortieth 
of  the  total  production,  are  derived  from  these  ores,  which  were  ex- 
tracted from  79  mines  in  50  mining  districts  and  average  only  15 
ounces  in  silver  and  25  cents  in  gold  per  ton.  Less  than  100,000  tons 
were  mined.  The  ores  are  derived  chiefly  from  Colorado,  Texas,  and 
Montana.  The  Arizona  ores  are  mixed  and  seem  to  be  largely  oxi- 
dized ores  from  veins  coimected  with  intrusive  rocks,  in  the  Cerbat 
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Range,  Mohave  County,  also  from  Globe,  and  from  mining  districts 
in  Yavapai  County.  The  California  ores  are  from  Inyo  County, 
also  from  mines  near  Calico,  San  Bernardino  County,  but  most  of 
them  are  produced  near  Amalie,  Kern  County.  About  9,000  ounces 
are  derived  from  volcanic  flows,  and  the  rest  of  the  silver  comes  from 
veins  probably  connected  with  intrusive  masses. 

The  Colorado  ores  form  a  long  list.  The  replacement  ores  in  lime- 
stone (here  largely  oxidized  ores)  from  Leadville  aggregate  114,000 
ounces ;  those  from  Aspen  57,000  oimces.  The  mixed  ores  from  veins 
genetically  connected  with  intrusive  bodies  give  58,000  ounces,  and 
veins  in  eruptive  flows  from  Silver  Cliff  and  the  San  Juan  region 
aggregate  436  ounces. 

Montana  contributes  a  little  over  200,000  ounces,  of  which  by  far 
the  greater  part  is  from  Granite  Coimty  and  smaller  amounts  from 
Butte  and  from  districts  in  Beaverhead  and  Jefferson  counties.  The 
product  is  derived  entirely  from  v^ins  in  granitic  rocks  and  probably 
genetically  connected  with  these  intrusions. 

Small  amounts  only  are  derived  from  scattered  sources  in  Nevada, 
Idaho,  New  Mexico,  Oregon,  Utah,  and  Washington. 

From  oxidized  limestone  replacement  ores  in  Texas  nearly  300,000 
ounces  are  obtained ;  these  ores  contain  some  lead,  although  it  is  not 
recovered. 

In  conclusion,  the  pure  silver  ores  are  derived  as  follows : 

Sources  of  pure  silver  ores  in  the  United  States^  1906. 

* 

Ounces. 

Replacement  ores  in  limestone - 574,000 

Fissure  veins  in  other  rocks  connected  with  intrusives 314,000 

Fissure  veins  in  volcanic  Tertiary  flows 466,000 

•  Doubtful 149, 000 


1, 503, 000 

A  large  part  of  these  ores  consists  of  oxidized  surface  ores.  Some 
of  them  are  oxidized  iron  ores  from  the  upper  part  of  the  deposits 
and  really  mined  as  flux.  In  earlier  years  this  class  of  oxidized  silver 
ores  was  far  larger  than  it  is  at  present. 

SUMMARY  AND  CONCI.U8ION8. 

The  total  production  of  silver  in  1906  according  to  the  mines  report 
was  57,362,455  fine  ounces.  Of  this  amount,  40,398,596  fine  ounces 
were  recovered  from  lead,  copper,  or  zinc  ores,  and  16,792,799  fine 
ounces  from  dry  or  siliceous  ores. 

The  copper,  lead,  or  zinc  ores  furnished,  from  ores  with  predomi- 
nating silver  value,  containing  3  ounces  or  less  of  gold  per  100  ounces 
of  silver  and  more  than  4rJ  per  cent  of  lead  or  2^  per  cent  of  copper, 
7,879,514  fine  ounces. 

47076^BulL  340—08 3 
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The  yield  from  siliceous  ores  can  be  subdivided  as  follows: 

Classification  of  silver  produced  from  siliceous  ores  in  the  United  States,  1906, 

Fine  ounces. 
From  ores  containing  lead  or  copper,  having  3  ounces  or  less  of  gold 

per  100  ounces  of  silver,  and  less  than  4^  per  cent  of  lead  or  2i 

per  cent  of  copper 3,078,592 

From  ores  with  no  recovered  lead  or  copper ;  gold  in  the  proportion 

of  3  ounces  to  one-half  ounce  of  gold  per  100  ounces  of  silver 7, 584, 630' 

B^om  ores  with  no  recovered  lead  oV  copper ;  gold  in  the  proportion 

of  one-half  ounce  or  less  per  100  ounces  of  silver 1, 503, 294 


Total  silver  from  dry  or  siliceous  silver  ores 12, 166, 516 

Total  silver  from  dry  or  siliceous  gold  ores 4, 626, 283 


16,  792,  799 


The  total  silver  from  all  kinds  of  ores  with  predominating  silver 
value  is  as  follows : 

Production  of  silver  from  all  kinds  of  silver  ores  in  the  United  States,  1906,  by 

States, 


Fine  ounces. 

Arizona 1, 171,  970 

California 138, 085 

Colorado 5, 900,  856 

Idaho 1, 025, 550 

Montana 1, 474,  769 

Nevada 6, 334, 102 

New  Mexico 309,  776 


Fine  ounces. 

Oregon 111 

South  Dakota 3,600 

Texas 292, 647 

Utah 2,  888, 145 

Washington   6,419 


19,  546,030 


The  total  tonnage  of  these  silver  ores  is  1,046,092  short  tons. 

As  shown  by  the  foregoing  statement,  nearly  one-third  of  the 
whole  silver  production  is  derived  from  ores  properly  to  be  classified 
as  silver  ores,  although  about  one-half  of  these  probably  could  not 
be  profitably  mined  if  no  other  metals  were  present. 

From  a  geological  standpoint  the  ores  may  be  classified  as  follows : 

Geological  classification  of  silver  derived  from  various  ores  in  the  United  States, 

1906, 

[Fine  ounces.] 


'                                                           ■                                    

Type  of  deposit. 

silver  ores 

with  much 

lead  and 

copper. 

Silver  ores 

with  little 

lead  or 

copper. 

Silver-gold 
ores. 

silver  ores. 

Total. 

From   replacement  deposits   in   lime- 
stone and  shale  genetically  connected 
with  intrusives —      —    . 

From  fissure  veins  in  various  rocks 
genetically  connected  with  intrusives.. 

From  fissure  veins  In  Tertiary  vol- 
canic flows..^ -        - 

4,600,000 
1,323,000 
1,408,000 

1,305,000 
712,000 
900,000 

314,000 
7,500,000 

574,000 
466.000 

6,479,000 

2,349,000 

10,274,000 

7,331,000 

2,917,000 

7,814,000 

1,040,000 

19,102,000 

This  leaves  a  balance  from  deposits  of  unknown  character  of  about 
444,000  ounces. 
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The  facts  cited  above  bring  out  prominently  the  well-known  affinity 
of  silver  for  lead  and  quite  as  markedly  the  slight  degree  in  which 
copper  and  zinc  are  associated  with  the  silver  ores  properly  so  called. 
They  also  emphasize  the  selective  action  of  limestone  in  the  precipi- 
tation of  silver-lead  compounds. 

The  relative  quantities  in  the  last  table  apply  of  course  only  to 
present  conditions.  Durmg  the  early  days  of  silver  mining  the  pure 
silver  ores  of  the  oxidized  zones  greatly  prevailed.  Nor  do  the 
figures  give  the  precise  relation  of  the  absolute  supply  of  silver  ores 
in  nature.  The  limestone  ores  carrying  silver  and  lead  are  sought 
after  by  the  smelters.  On  the  other  hand,  there  is  a  large  supply 
of  low-grade  siliceous  silver  ores  for  which  at  present  no  great 
demand  exists.  Although  free-milling  quartzose  ores  containing  $5 
of  gold  per  ton  may  be  mined  and  reduced  economically,  a  correspond- 
ing grade  of  siliceous  silver  ore  with  sulphides  would,  as  a  rule,  be 
unprofitable,  for  if  wet  milling  processes  were  adopted  the  necessary 
roasting  and  heavy  loss  would  render  the  operation  too  expensive, 
and,  on  the  other  hand,  the  smelter  charges  would  probably  not  be 
less  than  $5  or  $7  per  ton  on  such  material.  Only  in  the  pyritic 
smelting  process  and  for  converter  lining  could  such  ores  ordinarily 
be  used. 

On  further  tentative  generalization  it  seems  that  the  copper  ores, 
which  ordinarily  contain  very  small  amounts  of  silver,  tend  to  deposit 
under  conditions  of  high  temperature  and  pressure.  The  greater 
part  of  the  lead-silver  ores,  which  occur  in  deposits  genetically  con- 
nected with  intrusive  granitic  or  porphyritic  rocks,  have  probably 
been  deposited  under  conditions  of  moderate  temperature  and  pres- 
sure.  The  major  part  of  the  silver-gold  ores,  which  contain  little  or 
no  lead  or  copper,  occur  in  fissure  veins  cutting  through  lava  flows  of 
Tertiary  age  (rhyolites,  dacites,  or  andesites).  They  have  been  de- 
posited comparatively  near  the  surface  and  under  conditions  of  still 
lower  temperature  and  pressure,  though  probably  never  much  below 
the  temperature  of  boiling  water. 

These  ores  in  Tertiary  lavas  yielded  in  1906  10,274,000  ounces  of 
silver,  or  more  than  half  of  the  total  silver  from  silver  ores.  In  only 
a  small  part  of  them,  chiefly  from  the  San  Juan  region,  is  the  silver 
associated  with  notable  amounts  of  copper  and  lead. 

Conditions  in  the  Cordilleran  province  indicate  that  there  is  some 
foundation  for  the  belief  that  the  maximum  precipitation  of  metals 
in  ascending  thermal  waters  occurs  in  the  following  order :  Copper, 
zinc,  lead,  silver.  The  precipitation  of  copper  takes  place  most  easily 
at  lower  depths.  The  precipitation  of  silver  is  most  abundant  near 
the  surface.  Gold  is  freely  deposited  under  widely  varying  condi- 
tions, though  most  abundantly  near  the  surface. 


NOTES  ON  SOME  GOLD  DEPOSITS  OF  AUBAMA. 


By  H.  D.  McCaskey. 


rNTRODUCTION. 

During  a  hasty  reconnaissance  of  parts  of  Alabama  in  November, 
1907,  advantage  was  taken  of  visits  to  various  gold  mines,  particu- 
larly those  of  Hog  Mountain,  which  have  been  the  principal  pro- 
ducers of  the  precious  metals  in  this  State  for  several  years,  to  obtain 
some  notes  descriptive  of  the  deposits.  Although  the  treatment  is 
preliminary,  this  sketch  has  been  prepared  for  publication  with  the 
hope  that  it  may  supply,  to  some  extent,  demands  for  recent  informa- 
tion concerning  gold  districts  of  this  State.  For  courtesies  in  the 
field  the  writer  is  indebted  to  so  many  citizens  of  Alabama  that  only 
general  acknowledgment  can  be  made  in  a  paper  so  brief  as  this. 

The  general  relief  of  northeastern  Alabama  is  marked  by  dis- 
sected ridges  which  lie  in  a  northeast-southwest  direction  and  cor- 
respond therefore  to  the  prevailing  Appalachian  trend.  These  water- 
sheds confine  the  main  streams  for  the  greater  part,  although  they 
are  at  intervals  cut  across  by  drainage  channels.  Down  their  slopes 
to  the  northwest  and  southeast  flow  the  minor  streams  whose  work 
is  reducing  this  entire  region  to  a  peneplain. 

The  altitudes  of  this  portion  of  Alabama  are  no  longer  great,  only 
a  small  fraction  of  the  areas  of  the  higher  hills  rising  above  the 
1,000- foot  contour.  The  slopes  are  not  unusually  steep  and  the  val- 
leys are  well  matured. 

GEOIiOGY. 

The  southwestern  portion  of  the  Appalachian  Mountain  and  Pied- 
mont Plateau  belts,  including  the  gold  deposits  of  the  Southern 
States,  is  made  up  for  the  most  part  of  metamorphic  igneous  and 
sedimentary  rocks,  but  includes  also  isolated  patches  of  slightly  meta- 
morphosed sediments  and  unmetamorphosed  intrusives.  These  rocks 
extend  into  the  east-central  portion  of  Alabama,  and  the  Piedmont 
Plateau  disappears  under  the  Cretaceous  sediments  toward  the  south- 
west. The  portion  of  this  area  of  metamorphic  rocks  lying  in  Ala- 
bama has  roughly  the  shape  of  an  equilateral  triangle,  with  its  base 
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lying  on  the  middle  third  of  the  Alabama-Georgia  boundary  line  and 
the  apex  extending  nearly  to  Calera,  about  30  miles  due  south  of  Bir- 
mingham. On  the  northwest  lie  the  folded  Cambrian  and  Silurian 
strata,  and  to  the  southwest  are  the  overlapping  Cretaceous  forma- 
tions. In  addition  to  intense  folding,  there  has  been  extensive  fault- 
ing apparently  along  northeast-southwest  lines. 

The  area  of  metamorphic  and  crystalline  rocks  of  Alabama,  thus 
roughly  outlined,  includes  the  greater  part  or  all  of  Cleburne,  Ran- 
dolph, Clay,  Chambers,  Tallapoosa,  Coosa,  and  Lee  coimties  and 
parts  of  Talladega,  Chilton,  and  Elmore  counties,  and  is  over  4,000 
square  miles  in  extent. 

The  rocks  within  this  area  include  the  "  Talladega  formation,"  of 
partly  metamorphosed  slates  and  sandstones,  the  Alabama  repre- 
sentative of  the  Ocoee  group  of  formations,  which  are  of  Cambrian 
age,  according  to  Keith ;  <*  a  small  area  of  later  slates,  probably  Devo- 
nian or  early  Carboniferous,  lying  along  the  northwestern  border  of 
Clay  County ;  the  older  gneisses  and  schists ;  and  the  intrusive  gran- 
ites and  greenstones.  The  general  relations  of  these  were  outlined 
some  years  ago,^  and  brief  notes  are  offered  here,  but  considerable 
detailed  study  of  them  remains  to  be  done. 

The  Ocoee  group  or  "  Talladega  formation  "  as  described  by  Smith  ^ 
embraces  a  series  of  conglomerates,  quartzites,  dolomites,  quartz 
schists,  and  slates.  The  latter  two  are  the  most  common  rocks  and 
include  brownish,  greenish,  and  grayish  quartz  and  clay  schists  and 
slates,  bluish  graphitic  slates,  and  magnetitic  schists.  Three  fairly 
well  defined  belts  of  the  Ocoee  rocks,  trending  from  northeast  to  south- 
west, and  beginning  next  the  determined  Paleozoic  rocks  to  the  north- 
west, alternate  with  three  roughly  corresponding  areas  of  much  more 
highly  crystalline  rocks  consisting  chiefly  of  granitic  gneisses.  These 
belts  may  be  conveniently  described  as  the  "  upper,"  "  central,"  and 
"  lower  slate  belts."  The  first  two  of  these  belts  are  referred  to  and 
briefly  defined  on  pages  42  and  44.  The  third  belt,  the  narrowest 
and  best  defined  of  the  three,  contains  the  Silver  Hill,  Blue  Hill, 
Gregory  Hill,  and  other  gold  deposits,  once  famous  in  Alabama  gold 
mining,  but  now  dormant  and  unproductive.  A  number  of  these  old 
mines  were  visited  by  the  writer,  but  all  the  workings  were  found  to 
have  been  abandoned  for  many  years  and  the  time  given  to  them  was 
brief.  This  belt  is  characterized  in  part  by  a  conspicuous  outcrop  of 
a  light-yellowish  saccharoid  sandstone  described  by  Tuomey,  Phil- 

•  Keith,  Arthur,  Geologic  Atlas  U.  S.,  folio  143,  U.  S.  Geol.  Survey,  1907,  p.  3. 

^  Phillips,  W.  B.,  A  preliminary  report  on  a  part  of  the  lower  gold  belt  of  Alabama : 
Bull.  Geol.  Survey  Alabama,  No.  3,  1892.  Brewer,  W.  M.,  Smith,  E.  A.,  Hawes,  G.  W., 
Clements,  J.  M.,  and  Brooks,  A.  H.,  A  preliminary  report  on  the  upper  gold  belt  of  Ala- 
bama, with  supplementary  notes  on  the  most  important  varieties  of  metamorphic  or  crys- 
talline rocks  of  Alabama :  Bull.  Geol.  Survey  Alabama,  No.  6,  1896. 

c  Smith,  B.  A.,  op.  cit,  pp,  110-115. 
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lips,  and  Brewer.**  This  sandstone  is  from  20  to  80  feet  thick  and  ex- 
tends across  the  country  to  the  northeast  for  many  miles.  It  is  thie 
"  Devil's  Backbone  "  of  Phillips.  The  sandstone  is  interf oliated  with 
the  bluish  auriferous  slates  of  the  Silver  Hill  belt  of  Phillips  and 
Smith,  and  is  itself  auriferous,  according  to  Phillips.  These  rocks 
strike  N.  20°-45°  E.  and  their  planes  of  schistosity  dip  rather  steeply 
to  the  southeast.  To  the  southeast  of  this  belt  is  a  broad  area  of 
crystalline  rocks  extending  to  the  Georgia  line. 

An  isolated  patch  of  slates  lying  in  the  upper  slate  belt  in  the 
northern  part  of  Clay  County  was  found  to  contain  fossils  thought 
by  Smith  *  to  be  Carboniferous,  and  as  these  rocks  had  previously 
been  classified  with  those  of  the  "  Talladega  formation  "  considerable 
doubt  was  thrown  on  the  supposed  Cambrian  or  earlier  age  of  the 
"  Talladega  "  rocks.  The  problem  received  the  attention  of  C.  W. 
Hayes  and  David  White,  who  concluded  after  field  study  that  these 
slates  were  unconformable  with  the  Ocoee  and  probably  of  Devonian 
or  later  age.^ 

Of  the  highly  metamorphosed  or  crystalline  rocks  of  'doubtful 
origin  the  rather  coarse-grained  gneiss  is  by  far  the  most  generally 
distributed.  According  to  Smith,  these  gneisses  are  chiefly  granitic 
in  composition,  but  vary  in  the  southeastern  area  into  more  basic 
dioritic  gneisses;  and  in  structure  they  may  be  considered  means 
between  the  end  terms  of  slightly  gneissoid  granites  on  the  one  hand 
and  highly  fissile  mica  schists  on  the  other.  Samples  of  the  gneiss 
of  Pinetuckey  show  megascopically  a  medium-grained  foliated  rock 
made  up  of  considerable  quartz,  somewhat  less  feldspar,  and  white 
and  brown  mica,  the  latter  slightly  in  excess.  This  gneiss  is  cut  by 
pegmatite  dikes  containing  much  biotite  in  broad  sheets  and  feldspar 
that  is  now  altered,  where  exposed  near  the  surface,  to  kaolin.  Asso- 
ciated with  these  gneisses  and  with  the  Ocoee  rocks  are  various  mica 
schists  of  equally  doubtful  origin.  They  are  chiefly  fine-grained, 
dark-colored,  rather  basic  schists,  so  altered  that  their  composition  is 
not  readily  made  out  without  resort  to  thin  sections.  A  dark  mica 
is  common,  and  in  the  schists  of  the  Pinetuckey  mine  garnets  are  de- 
veloped. The  garnets  occur  also  with  the  quartz  of  the  vein  and  the 
garnetiferous  portion  of  the  schist  next  the  vein  carries  gold  and  is 
mined  with  the  ore.  The  garnets  would  seem  to  be  later  than  the 
regional  metamorphism  and  to  be  genetically  related  to  ore  deposi- 
tion ;  but  as  the  mine  was  flooded  at  the  time  of  the  writer's  visit  sat- 
isfactory determination  of  this  point  could  not  be  made.  The  schists 
form  the  walls  of  the  vein,  and  their  planes  of  schistosity  are  parallel 

^Tuomey,  M.,  Second  Bienn.  Rept.  Geol.  Survey  Alabama,  1858.  Phillips,  W.  B.,  op. 
cit.,  pp.  58,  61.     Brewer,  W.  M.,  op.  cit.,  pp.  6,  7. 

»  Smith,  E.  A.,  Science,  new  ser.,  vol.  18,  1903,  pp.  244-246. 
*>  Oral  communication  from  Dr.  C.  Willard  Hayes. 


SOME  GOLD  DEPOSITS  OP  ALABAMA.  80 

with  those  of  the  adjoining  gneiss  of  the  country  rock.  The  deter- 
mination of  the  age^  relation,  and  origin  of  these  gneisses  and  asso- 
ciated mica  schists  presents  many  difficulties  and  awaits  the  most 
careful  detailed  work. 

Of  less  doubtful  origin  is  the  "  Hillabee  green  schist "  described 
by  Brewer,  Smith,  Clements,  and  Brooks,"  and  noted  by  the  writer 
at  Chulafinnee  and  Arbacoochee.  This  rock  occurs  along  the  north- 
western border  of  the  gneisses  and  as  an  intrusive  in  the  Ocoee  slates. 
It  is  a  light-green,  fine-grained,  slightly  foliated  schist  and  is  pyritif- 
erous,  at  least  in  part.  The  slight  schistosity  is  brought  out  by  the 
appearance  of  the  pyrite  along  wavy  parallel  planes  of  foliation. 
The  rock  appears  to  be  an  altered  basic  igneous  intrusion  of  later  age 
than  the  Ocoee  slates,  but  earlier  than  the  close  of  the  regional 
metamorphism. 

A  type  of  acidic  intrusive  is  present  in  the  granite  of  Hog  Moim- 
tain,  a  medium-grained  holocrystalline  rock  made  up  of  quartz, 
orthoclase,  and  biotite,  with  some  muscovite  and  a  little  plagioclase. 
This  rock,  which  is  probably  an  equivalent  of  the  granite  at  Villarica, 
in  the  Marietta  quadrangle,  occurs  as  a  thick  tabular  sheet  in  the 
Ocoee  slates  of  Hog  Mountain  and  is  exposed  in  the  group  of  hills 
bearing  this  name. 

ORE  DEPOSITS. 

The  ore  deposits  of  the  mines  here  described  belong  to  two  struc- 
tural types,  that  of  fissure  veins,  as  illustrated  by  the  Hog  Mountain 
veins,  and  that  of  lenticular  bodies  lying  for  the  greater  part  within 
planes  of  schistosity  of  the  inclosing  rocks,  as  illustrated  by  the  ore 
bodies  of  Gold  Ridge,  Pinetuckey,  and  Tallapoosa.  The  country  rock 
at  Hog  Mountain  is  an  intrusive  granite,  that  of  Tallapoosa  and  Gold 
Ridge  consists  of  Ocoee  slates  and  schists,  and  that  of  Pinetuckey  is 
gneiss.  All  the  ore  bodies  are  on  the  border  of  gneisses  and  granites 
on  the  one  hand  and  of  the  Ocoee  slates  on  the  other.  At  Gold  Ridge 
and  Pinetuckey  a  fine-grained  mica  schist,  carrying  pyrites  and  gold, 
forms  the  foot  wall,  and  in  this  schist  garnets  are  developed.  At 
Pinetuckey  the  garnets  assume  both  a  banded  structure  and  the  form 
of  fresh  "  augen  "  in  the  schist.  Garnets  are  also  found  in  the  vein 
quartz  at  this  mine,  adjoining  the  garnetiferous  schist.  Thin  sec- 
tions of  ores  and  rocks  have  as  yet  been  studied  by  the  writer  only 
of  samples  from  the  Hog  Mountain  mines.  Here  the  vein  quartz 
next  the  granite  walls  contains  veinlets  of  tourmaline  and  is  as- 
sociated with  large  foils  of  sericite.  The  quartz  of  this  vein  matter  is 
of  two  generations,  the  older  being  a  smoky  blue  quartz  containing 
fluid  and  gas  inclusions  and  indeterminable  opaque  substances  and 
showing  strong  strain  shadows   between   crossed   nicols;  with   this 

•Op.  clt,  pp.  84,  120,  1T6,  lft^-\^l. 
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quartz  are  associated  some  of  the  gold  and  sulphides.  The  younger 
quartz  is  fresh  and  light  colored,  shows  few  inclusions  or  strain 
shadows,  and  is  also  associated  with  the  sulphides.  The  granite  of 
the  walls  is  somewhat  altered,  the  feldspar  being  changed  largely 
to  sericite,  and  tourmaline  and  colorless  garnets  being  present,  as 
observed  in  thin  sections. 

The  granite  of  Hog  Moimtain  is  intrusive  in  the  Ocoee  group.  The 
gneiss  of  Pinetuckey  is  reported  by  Mr.  Sam  Wallace  to  underlie 
all  of  the  Ocoee ;  but  drill  holes  have  shown  that  granite  also  alter- 
nates with  these  rocks.**  The  gametiferous  and  auriferous  mica 
schist  of  the  foot  walls  of  the  Gold  Ridge  and  Pinetuckey  veins  has 
not  been  studied  in  thin  section  and  its  origin  is  unknown.  It  is 
conformable  with  the  Ocoee  slates  of  the  Gold  Ridge  and  with  the 
gneisses  of  the  Pinetuckey  mines. 

The  strike  of  all  the  veins  conforms  mainly  to  the  general  struc- 
tural trend  to  the  northeast,  being  in  part  more  easterly  in  the  Hog 
Mountain  veins  and  more  northerly  at  Pinetuckey  and  Gold  Ridge. 
The  dip  of  the  veins  of  the  lenticular  type  is  to  the  southeast,  rang- 
ing from  30°  to  50° ;  that  of  the  Hog  Mountain  fissure  veins  is  from 
50°  to  60°  NW. 

The  veins  of  the  lenticular  type  show  sheeted  or  banded  structure, 
with  scales  of  white  mica  developed  along  parting  planes.  The  veins 
of  Hog  Mountain  indicate  crushing  and  recrystallization.  The  slates 
adjoining  the  Tallapoosa  vein  are  in  many  places  much  crumpled 
next  the  vein.  The  granite  wall  rock  of  Hog  Mountain  shows  strain, 
but  has  not  been  rendered  gneissoid. 

Hydrometamorphism,  or  weathering,  has  extended  everywhere 
to  water  level,  which  is  from  40  to  80  feet  below  the  present  surface. 
The  Ocoee  slates  and  all  the  schists  have  been  completely  altered 
by  oxidation  and  hydration  to  this  level,  but  the  granite  of  Hog 
Mountain  and  the  gneisses  are  but  slightly  changed.  All  the  ores 
have  been  oxidized  and  the  gold  is  commonly  found  for  the  most 
part  free-milling  and  associated  with  hydrated  iron  oxides  above 
water  level.  The  vein  quartz  is  somewhat  honeycombed  in  the  Hog 
Mountain  ores,  and  rather  porous  in  the  lenticular  veins,  in  the  ox- 
idized zone.  Below  water  level  free  gold  is  still  found  in  the  lentic- 
ular veins,  but  from  60  to  80  per  cent  of  the  total  gold  is  so  closely 
associated  with  the  unaltered  sulphides  that  the  ores  are  not  amal- 
gamable  at  a  profit.  The  "  blue  ores  "  of  Hog  Mountain,  or  those  of 
the  sulphide  zone,  are  not  free-milling  in  any  degree. 

The  Hog  Mountain  veins  are  fairly  regular  in  width  and  values 
so  far  as  explored  in  depth;  the  lens-shaped   ore  bodies,  however, 

«  Nltze,  H.  B.  C,  and  Wilkins,  H.  A.  J.,  Gold  mining  in  North  Carolina  and  adjacent 
southern  Appalachian  regions :  Bull.  North  Carolina  Geol.  Survey  No.  10,  1897,  p.  88. 
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pinch  and  swell,  part  and  rejoin,  but  they  also  persist,  both  in  aver- 
age width  and  in  values,  as  far  as  they  have  been  followed,  in  the  sul- 
phide zone. 

Data  for  a  satisfactory  discussion  of  the  genesis  of  these  deposits 
are  yet  incomplete.  Their  age  is  probably  post-Cambrian.  In  all 
the  veins  the  fillings  are  along  lines  of  structural  weakness  and  deposi- 
tion was  followed  by  strain,  shear,  and  recrystallization  along  the 
same  lines.  All  of. this  would  seem  to  have  taken  place  before  the 
close  of  regional  metamorphism  referre.d  tP  the  Appalachian  up- 
heaval. Deposition  occurred  probably  at  great  depth  and  under  high 
heat  and  pressure ;  and  that  of  the  Hog  Mountain  ores  at  least  seems 
to  be  genetically  referable  to  igneous  after  effects.  As  stated  above, 
the  ore  deposits  occur  along  the  border  of  the  Ocoee  slates  and  the 
granites  and  gneisses ;  and  the  latter  appear  to  be  gneissoid  granites 
and  therefore  igneous  rocks.  It  seems  probable  that  several  thousand 
feet  of  vertical  extension  of  the  veins  have  been  removed  since  their 
deposition ;  and  the  lower  limits  of  the  ore  bodies  have  not  yet  been 
defined. 

PRODUCTION. 

The  production  of  the  precious  metals  in  Alabama  has  never  been 
great  for  any  given  year,  but  this  State  has  been  credited  with  a  con- 
tinuous output  for  more  than  a  century.  The  exact  date  when  gold 
was  first  mined  in  Alabama  is  not  known.  It  seems  quite  probable 
that  the  Indians  found  nuggets  in  the  streams  long  before  the  advent 
of  the  white  man  and  beat  them  into  rude  ornaments.  The  early 
Spaniards  doubtless  observed  these  ornaments  and  obtained  some  of 
them  or  learned  where  they  came  from.  Nuggets  are  still  found  in 
Clear  Creek  and  elsewhere  in  Alabama,  especially  after  heavy  rains. 
Evidence  that  the  streams  were  worked  at  least  a  hundred  years  ago 
was  observed  on  the  banks  of  a  small  stream  in  the  Pinetuckey  district, 
where  in  extensive  dumps,  apparently  of  old  placer  washings,  trees  at 
least  a  century  old  have  grown.  However  all  this  may  be,  Phillips  ^ 
states  that  tlie  earliest  records  seenj  to  point  to  the  beginning  of  real 
gold  mining  in  Alabama  in  about  the  year  1830. 

From  the  reports  of  the  Director  of  the  Mint  to  1903,  inclusive,  and 
from  those  of  the  Geological  Survey  for  1904,  1905,  and  1906,  Ala- 
bama is  credited  with  a  total  production  of  gold  and  silver  valued  at 
$760,470  for  the  one  hundred  and  seven  years  beginning  with  1800. 
This  would  represent  an  average  annual  production  of  $7,107.  Only 
once  in  the  twenty-four  years  from  1880  to  1903,  inclusive,  did  the 
recorded  production  reach  this  mark;  but,  chiefly  owing  to  recent 

•Phillips,  W.  B.,  op.  cit.,  p.  10. 
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« 

activity  at  the  Hog  Mountain  mines  in  Tallapoosa  County,  the  pro- 
duction for  the  three  years  1904  to  1906  has  been  as  follows : 

Production  of  gold  and  silver  in  Alabama^  1904-1906. 


Year. 

Gold. 

Silver. 

Total. 

1904 

lfl06 

-~--~-——~~~~-~~---— •—-—-— --—-—-——-••-----—— 

$29,300 
41.530 

$116 

208 

83 

129.416 
41.733 

1906 

25.0M 

The  production  for  1907  will  probably  show  a  slight  increase  over 
that  of  1906,  owing  to  the  continued  activity  at  Hog  Mountain  and 
recent  operations  at  the  Gold  Kidge  mines. 

detaiIjED  descriptions. 

GOLD  RIDGE. 

Gold  Ridge  is  in  the  extreme  northeast  corner  of  Randolph 
County,  on  the  Randolph-Cleburne  county  line  and  about  2  miles  west 
of  the  Alabama -Georgia  boundary  line.  It  is  a  small  hamlet  situated 
on  a  hill  of  1,100  feet  elevation  bearing  the  same  name.  Considerable 
placer  work  has  been  done  here  in  the  past,  but  records  giving  the 
production  are  not  available.  Attention  has  recently  been  attracted 
to  this  place  by  the  introduction  of  northern  capital  and  by  prepara- 
tions for  working  the  ores  in  depth. 

The  exposures  indicate  the  continuation  northeastward  to  this  hill 
of  the  "  Talladega  "  (Ocoee)  beds  of  the  central  slate  belt  as  laid 
down  on  the  geologic  map  of  Alabama.*  This  belt  extends  from  a 
point  7  miles  northwest  of  Wetumpka,  where  it  is  2  miles  wide,  north- 
eastward through  Alexander  and  Wedowee,  increasing  in  width  to 
about  9  miles  at  the  Alabama-Georgia  line.  On  both  sides  of  this 
belt  occur  the  crystalline  igneous  and  metamorphic  rocks.  Gold 
Ridge  is  on  its  northern  border.  The  hill  is,  for  the  greater  part  at 
least,  made  up  of  argillaceous  and  siliceous  slates  and  schists,  striking 
from  N.  10°  E.  to  N.  40°  E.,  and  with  planes  of  schistosity  dipping 
from  30°  to  45°  S.  80°  E.  to  S.  60°  E.  Certain  of  the  clay  slates  and 
quartz  schists  appear  to  be  of  sedimentary  origin,  and  the  inclosing 
rocks  of  the  quartz  veins  belong  mainly  to  this  class  of  rocks.  The 
origin  of  the  foot  wall  of  the  Eckert  vein,  however,  which  is  a  highly 
garnetiferous  mica  schist,  and  that  of  a  quartz-magnetite  schist  found 
in  association  with  another  vein  a  mile  to  the  south,  is  of  considerable 
doubt.  The  garnets  of  the  Eckert  foot  wall  are  much  decomposed, 
but  are  shown  to  be  of  the  iron-alumina  variety.  Many  of  them  are 
dodecahedra  from  2  to  3  inches  in  diameter.    The  matrix  of  the 

o  Geologic  map,  Geol.  Survey  Alabama,  Eugene  A.  Smith,  State  geologist,  1894. 
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schist  is  highly  micaceous.  The  quartz-magnetite  schist  is  made  up 
almost  entirely  of  these  two  minerals,  as  shown  by  a  megascopic  exam- 
ination, with  light-colored  micas  here  and  there  along  the  planes  of 
schistosity.  Many  of  the  magnetite  crystals  are  0.1  inch  in  average 
diameter.  A  green  pyritif erous  chlorite-epidote  schist  found  border- 
ing this  belt  to  the  north  and  interf oliated  with  certain  of  the  other 
schists  seems  undoubtedly  of  igneous  origin  arid  is  probably  the  "  Hil- 
labee  schist"  of  Brewer  and  Smith,®  thin  sections  of  which  were 
studied  by  Clements  and  Brooks.® 

The  mine  workings  are  situated  on  the  east  side  of  the  hill  and 
about  1  mile  northeast  of  Gold  Kidge.  Two  veins  are  exposed  by 
numerous  pits,  trenches,  and  crosscuts.  The  upper  or  Black  vein 
shows  at  least  10  feet  of  dark  quartz  at  the  best  exposure,  with  a 
hanging  wall  of  red  clay  resulting  from  weathered  slates.  The  foot 
wall  is  not  exposed,  but  below  this  vein  and  above  the  Eckert  are 
found  the  red  clays  characteristic  of  certain  weathered  beds  of  the 
Ocoee.  The  foot  wall  of  the  Eckert  vein  is  a  green  garnetiferous 
schist,  much  of  which  is  slaty  in  appearance.  The  Eckert  vein  is 
from  6  to  36  inches  between  walls.  The  general  strike  of  both  veins 
is  from  N.  10°  E.  to  N.  20°  E.  and  the  dip  is  from  20°  to  43°  S.  '80° 
E.  to  S.  60°  E.  One  dip  fault,  of  the  normal  type,  was  observed  in 
a  drift  on  a  narrow  quartz  vein  similar  to  the  Eckert  and  possibly 
a  continuation  of  it,  about  a  mile  south  of  the  present  workings. 
The  throw  of  this  fault  measured  4  feet.  Evidences  of  strike  faults 
with  similar  short  throws  and  of  slickensides  also  prove  that  there 
has  been  some  slight  fracturing  and  displacement  of  the  veins. 

The  Black  vein  has  not  been  worked  and  is  but  little  developed. 
It  is  made  up  of  rather  massive  quartz,  stained  with  manganese 
oxides,  and  is  reported  to  average  in  assay  value  from  $9  to  $10  across 
a  face  of  9  feet.  Systematic  sampling,  however,  has  not  yet  been 
done  on  this  vein  and  its  real  value  is  unknown.  On  the  Eckert 
vein  an  inclined  shaft  has  been  sunk  for  about  100  feet  and  drifts 
have  been  turned  on  the  50- foot  level  to  the  north  and  south  for  about 
250  feet.  The  vein  is  not  yet  explored  below  water  level  and  the  wall 
rocks  are  weathered  almost  beyond  recognition.  The  pay  streak  of 
this  vein  is  along  the  foot  wall,  which  itself  carries  gold  and  for  a 
distance  of  12  to  18  inches  from  the  quartz  is  mined  at  a  profit.  The 
vein  matter  is,  where  exposed,  a  rather  porous  quartz  of  schistose 
structure,  and  white  mica  is  developed  along  the  planes.  The  vein 
pinches  and  swells  and  thick  portions  of  it  in  cross  section  in  weath- 
ered exposures  show  reentrant  angles  simulating  grooving.  One 
"  pipe,"  with  its  long  axis  lying  in  the  line  of  strike,  showed  an  oval 
cross  section  with  corrugated  border  and  having  no  connection  with 

'Op.  dt,  pp.  84,  120. 
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portions  of  the  vein  either  above  or  below.  A  section  of  this  "  pipe  " 
removed  from  the  clay  looked  very  much  like  a  silicified  tree  trunk 
a  foot  or  more  in  diameter.  The  ore  is  free-milling  above  water 
level,  and  sulphides  of  iron  have  yet  been  encountered  only  to  a  slight 
extent  in  the  veins.  The  garnets  of  the  foot  wall  are  rolled  and  many 
of  them  are  from  1  to  2  inches  in  diameter,  giving  the  schist  a  knot- 
ted appearance. 

A  steam^  2-stamp  mill  began  operations  on  these  ores  toward  the 
last  part  of  1907,  and,  according  to  reports,  the  results  have  been 
satisfactory.  Work  on  these  ores  must  be  considered  largely  experi- 
mental until  development  underground  has  gone  below  ground- 
water level. 

CLEAR  CREEK. 

Immediately  to  the  southeast  of  the  determined  Paleozoic  forma- 
tions as  shown  on  the  geologic  map  of  Alabama  *  lies  a  broad  belt  of 
rocks  well  exposed  in  Blue,  Talladega,  and  Rebecca  mountains,  con- 
stituting what  may  be  termed  the  upper  slate  belt,  and  extending 
from  the  Cretaceous  sediments  at  Clanton  northeastward  through 
Edwardsville  into  Georgia.  This  belt  is  from  7  to  25  miles  wide, 
and  is  made  up  largely  of  light  and  dark  micaceous  argillites,  quartz- 
ites,  and  conglomerates,  and  in  the  Turkey  Heaven  Mountains,  ac- 
cording to  Smith,*  of  dark-colored  graphitic  and  magnetitic  schists. 
To  the  southeast  of  this  belt  of  rocks,  mapped  by  Smith  as  "  Talla- 
dega," lies  a  continuous  belt  of  the  "  Hillabee  schist,"  noted  above, 
bordering  a  broad  area  of  acidic  gneissic  and  granitic  rocks  separat- 
ing the  upper  and  central  slate  belts.  At  Chulafinnee,  about  15  miles 
a  little  to  the  south  of  west  of  Heflin,  Cleburne  County,  the  schist  is 
well  exposed.  It  is  there  found  in  close  association  with  the  Ocoee 
auriferous  slates,  as  it  is  at  Arbacoochee  and  Clear  Creek. 

Between  Gold  Hill  and  Kemp  Mountain,  in  Cleburne  County,  lies 
the  well-matured  valley  of  Clear  Creek,  a  tributary  of  Tallapoosa 
River  flowing  southwestward.  These  are  outlying  hills  parallel  to 
the  Horseblock-Brymer  range  to  the  north  and  their  axes  trend  N. 
45°  E.  parallel  to  the  strike  of  the  rock  exposures.  Kemp  Mountain 
is  from  1,400  to  1,500  feet  in  elevation,  and  Gold  Hill  is  somewhat 
lower.  The  general  dip  of  the  planes  of  schistosity  of  all  the  rocks 
is  about  45°  S.  45°  to  60°  E.  On  the  south  slope  of  Gold  Hill,  near 
Arbacoochee,  are  old  workings  and  dumps  indicating  the  presence 
of  the  familiar  lenticular  quartz  veins  in  the  schists.  The  works  have 
been  abandoned  for  so  long  that  the  shafts  and  slopes  are  caved  and 
partly  filled  with  surface  wash.  Two  quartz  veins  lying  within 
quartz  schists  and  dipping  45°  S.  45°  E.  were  noted  in  the  mouth  of 
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an  inclined  shaft  about  one- fourth  of  a  mile  southwest  of  Arbacoo- 
chee.  The  quartz  is  white  and  shows  cavities  filled  with  limonite. 
Fragments  of  this  quartz  litter  the  hillside  down  to  the  flood  plain 
of  Clear  Creek  and  may  be  found,  together  with  old  pits,  along  the 
strike  (N.  45®  E.)  through  the  forest  for  over  a  mile.  The  veins 
where  measured  were  2  and  6  inches  thick.  They  are  repcwrted  to 
have  been  rich  in  free  gold. 

The  flood  plain  of  Clear  Creek  is  about  half  a  mile  wide  at  the 
point  about  the  same  distance  southwest  of  Arbacoochee,  where  placer 
operations  are  now  being  carried  on.  The  valley  floor  is  rather  over- 
grown with  small  shrubs,  and  has  until  recently  supported  some 
forest  growth,  as  is  attested  by  the  large  number  of  tree  stumps  re- 
maining. Below  the  soil  cap  lies  gravel  to  a  depth  of  8  to  14  feet, 
with  a  foot  or  more  of  white  clay  near  the  bottom.  The  bed  rock 
is  reported  to  consist  of  the  upturned  edges  of  the  slates,  striking 
here  to  the  northeast  and  therefore  lying  parallel  to  the  average 
course  of  the  streams.  The  cutting  of  this  bed  rock  has  exposed 
many  narrow  veins  of  quartz  carrying  scattered  rich  pockets  of  free 
gold.  It  would  seem  therefore  that  operations  here  extending  to  the 
bed  rock  have  worked  gold  in  place  as  well  as  alluvial  gold  caught 
in  the  rock  and  found  with  stream  gravel.  Well-authenticated  ac- 
counts have  been  given  to  the  writer  of  rich  pockets  yielding  $7,000 
and  over  in  gold,  but  it  has  been  difficult  to  determine  whether  the 
gold  has  been  in  place  or  not.  The  probabilities  would  seem  to 
favor  the  conclusion  that  the  rich  pockets  consist  mainly  of  alluvial 
gold.  Good-sized  nuggets  are  still  found  along  the  sides  of  Gold 
Hill  after  heavy  rains.  As  might  be  expected,  much  broken  vein 
quartz  is  mixed  with  the  Clear  Creek  gravel,  and  samples  of  it  from 
dumps  of  the  dredge  have  assayed  from  $3  to  $4  to  the  ton. 

Placer  mining  on  Clear  Creek  has  long  been  famous  in  Alabama 
and  has  undoubtedly  yielded  from  $50,000  to  $60,000  in  gold  from 
small  workings  alone.  In  1905  the  Clear  Creek  Mining  Company 
built  a  small  bucket  dredge  with  a  daily  capacity  of  600  cubic  yards 
for  the  purpose  of  working  the  gravels  on  a  larger  scale  than  had 
been  done  before.  Some  work  was  done  in  that  year  but  operations 
were  not  entirely  successful  and  the  plant  was  closed  down.  Possibly 
tree  stumps  interfered  with  the  dredge  to  some  extent  or  local  strata 
of  white  clay  balled  up  some  of  the  gold;  certainly  it  was  found 
that  some  of  the  gold  was  not  in  alluvial  form,  but  in  comparatively 
fresh  broken  vein  matter,  and  it  was  thought  that  the  tailing  dumps 
could  be  worked  at  a  profit  by  crushing  and  amalgamation.  Facili- 
ties for  this  process  were  therefore  added  to  complete  an  extensive 
plant.  At  the  end  of  1907  the  Gold  Ridge  Mining  Company  was 
completing  preparations  to  sluice  the  gravel  by  the  use  of  giants 
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and  to  elevate  it  by  suction  pipes  to  a  series  of  sluice  boxes  of  con- 
ventional type  and  riffles,  120  feet  in  length.  Operations  began  too 
recently  to  enable  the  writer  to  judge  of  the  success  of  this  plan. 
There  seems  to  be  considerable  gold  still  available  in  the  valley  of 
Clear  Creek,  but  a  close  study  of  the  economic  and  geologic  features 
involved  should  precede  final  judgment  on  this  point. 

PINETUCKEY. 

Between  the  upper  slate  belt  in  Cleburne  County  and  the  central 
slate  belt  in  Randolph  County  lies  a  wedge-shaped  area  of  acidic 
gneissic  rocks.  This  area  extends  in  a  broad  belt  to  the  southwest 
through  Ashland  and  Rockford  and  includes  the  granite  near  Alex- 
ander, which  is  the  same  as  that  of  Hog  Mountain.  As  mapped  by 
Smith  « it  wedges  out  where  the  two  slate  belts  join  near  the  Alabama- 
Georgia  line.  Near  the  Cleburne-Randolph  county  line  and  about 
a  mile  to  the  southwest  of  Micaville  dikes  and  apophyses  of  pegmatite 
occur  within  this  area,  affording  considerable  supplies  of  kaolin  and 
of  large  sheets  of  mica.  Three  of  these  parallel  dikes  have  been  ex- 
plored and  they  are  found  to  trend  from  southwest  to  northeast  for  at 
least  half  a  mile.  Where  they  have  been  worked  for  mica  and  kaolin 
they  are  from  30  to  50  feet  wide,  and  are  bordered  in  part  by  zones  of 
light-colored  f acies  of  granite  free  from  mica  or  other  dark  minerals. 
Tourmaline  and  ilmenite  were  found  in  large  crystals  in  some  of  these 
pegmatitic  veins  by  Mr.  Sam  Wallace,  who  has  carried  on  extensive 
exploratory  work  in  this  area. 

About  2  miles  south  of  Micaville  and  a  quarter  of  a  mile  northwest 
of  Pinetuckey  are  the  historic  Pinetuckey  mines.  Extensive  lines  of 
old  trenches,  pits,  and  tailing  dumps  indicate  work  on  the  surface 
ores  extending  back  for  many  years.  Considerable  modern  under- 
ground work  has  also  been  done  and  a  20-stamp  mill  was  erected 
several  years  ago  to  treat  the  ores  by  the  milling-amalgamation  proc- 
ess; but  owing  to  difficulties  in  obtaining  a  high  extraction  by  this 
method  and  uncertainty  of  the  best  future  procedure  the  mines  and 
plant  have  been  closed  for  several  years  and  the  mine  is  now  flooded. 

The  country  rock  of  the  ore  deposits  is  a  medium-grained  gray 
gneiss  made  up  of  quartz,  feldspar,  and  mica.  The  immediate  walls 
of  the  veins  are  of  thin  sheets  of  dark-green  mica  schist  in  which 
garnets  are  highly  developed,  assuming  the  form  of  "  augen  "  and, 
more  conspicuously,  a  marked  banded  structure.  Garnets  are  found 
also  at  the  boundary  plane  between  the  schist  and  gneiss.  This  schist 
of  both  walls  is  auriferous  and  is  reported  to  carry  from  $4  to  $7  to 
the  ton  in  gold,  partly  in  pyrites.  The  vein  matter  proper  is  hard 
bluish  quartz  with  a  sheeted  or  banded  structure  and  contains  both 
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free  gold  and  auriferous  sulphides.  Between  bands  of  quartz  films 
of  muscovite  are  developed,  and  garnets  are  found  with  the  quartz. 
All  these  garnets  would  seem  to  be  genetically  related  to  the  ore 
deposits. 

Several  veins  have  been  worked  at  Pinetuckey  down  to  water  level 
and  some  very  rich  ore  has  undoubtedly  been  taken  out.  Handsome 
specimens  showing  flakes  of  free  gold  in  the  quartz  as  large  as  kernels 
of  com  are  easily  obtainable.  The  vein  on  which  most  of  the  modern 
work  has  been  done  is  from  6  inches  to  3  feet  thick  and  of  lenticular 
type.  On  this  vein  have  been  sunk  three  shafts  and  two  winzes,  and 
from  500  to  600  feet  of  drifts  and  stopes  have  been  worked.  The  vein 
strikes  N.  10°  E.  to  N.  30°  E.  and  dips  about  50°  S.  80°  E.  to  S.  60°  E. 
The  outcrop  is  traced  for  nearly  a  mile  by  lines  of  old  pits  and  dumps. 
The  ore  shoots  are  somewhat  irregular,  but  are  reported  to  swing 
almost  due  east. 

HOG  MOUNTAIN. 
GEOGRAPHY. 

Hog  Mountain  is  situated  in  the  east-central  part  of  Alabama,  in 
the  northern  part  of  Tallapoosa  County,  and  is  about  12  miles  east  of 
Goodwater  and  about  the  same  distance  a  little  east  of  north  of  Alex- 
ander, stations  on  the  Central  of  Georgia  Railway. 

Hog  Mountain  derives  its  name  from  its  profile  as  seen  from  the 
lower  country  to  the  west.  It  is  formed  by  three  prominent  knolls 
connected  by  saddlebacks  and  lying  in  a  north-south  direction.  A 
short  distance  to  the  east,  and  separated  from  it  by  a  rather  narrow 
valley,  lies  a  somewhat  similar  group  of  knolls  known  as  Little  Hog 
Mountain.  Of  Hog  Mountain  proper  the  north  knoll  rises  slightly 
above  1,000  feet,  the  middle  knoll  is  about  860  feet  high,  and 
the  smaller  knoll  to  the  south  rises  slightly  above  the  800- foot  con- 
tour. 

HISTORY. 

The  early  history  of  the  explorations  on  Hog  Mountain  is  very  im- 
perfectly known.  The  first  definite  reference  to  these  deposits  in 
the  reports  of  the  Geological  Survey  of  Alabama  is  apparently  that  of 
W.  B.  Phillips,®  who  mentions  them  in  connection  with  the  well-de- 
fined Goldville  belt  lying  in  the  slates  immediately  to  the  southeast. 
The  deposits  were  first  worked  along  the  outcrops  some  time  before 
the  civil  war,  and  much  free  gold  was  undoubtedly  extracted  by  the 
crude  methods  in  use  at  that  time.  More  recently  shafts  were 
sunk  on  the  south  knoll,  and  tunnels  pow  inaccessible  were  driven,  to 
provide  ore  for  a  10-stamp  mill  situated  at  the  base  of  the  hill  on  the 
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western  side.  Within  the  last  few  years  the  Hillabee  Gold  Mining 
Company  has  carried  on  a  large  amount  of  exploratory  work  to  ex- 
pose the  ore  bodies,  and  of  experimental  work  to  solve  the  difficult 
problem  of  the  best  method  of  treating  the  ores.  The  Hog  Mountain 
mines  have  been  the  principal  producers  of  the  precious  metals  in 
Alabama  during  this  time. 

GEOLOGY. 

The  slates  of  Hog  Mountain,  presumably  Ocoee,  form  the  east  and 
west  flanks  and  the  north  slope  of  the  hill,  and  a  fine-grained  granite, 
apparently  intrusive,  occupies  the  ridge  of  the  hill  and  the  crests  of 
the  knolls.  This  granite  extends  southward  along  the  ridge,  and  is 
probably  related  to  the  great  area  of  presumably  igneous  and  certainly 
highly  metamorphosed  rock  bordered  by  the  slates  and  extending 
from  southwest  to  northeast  through  Coosa  and  Clay  counties  and 
wedging  out  in  southern  Cleburne  County.  The  general  dip  of  the 
slates  is  here  about  60**  S.  60°  E.  and  the  exposed  ridge  of  granite 
cuts  across  these  rocks  in  a  direction  almost  due  north  and  south. 

Considerable  detailed  work  will  be  required  to  make  clear  the 
structure  of  Hog  Mountain.  The  observed  dips  of  the  slate  are,  how- 
ever, fairly  persistent  in  the  direction  S.  60°  E.,  and  in  two  exposures 
underground  on  the  northwestern  and  western  sides  of  the  hill  the 
slate  passes  under  the  granite.  Conclusive  evidence  of  faulting  was 
not  observed  at  this  place.  The  igneous  intrusive  therefore  seems 
to  have  forced  its  way  between  the  planes  of  schistosity  of  the  slatea 
and  to  lie  in  this  part  of  Hog  Mountain  in  a  great  tabular  mass  whose 
dip  would  roughly  conform  with  that  of  the  schistosity.  This  ques- 
tion of  structure  is  of  considerable  economic  importance,  as  the  veins 
here  profitably  worked  are  confined  to  the  granite.  As  the  granite 
is  not  gneissoid  it  has  not  been  folded  with  the  slates  and  is  therefore 
later  than  their  dynamometamorphism. 

The  slate  is  a  fine-grained  mica  slate,  dark  gray  in  color  in  the 
fresh  specimens  and  weathering  to  reddish  brown.  Some  quartz 
and  considerable  white  mica  may  be  distinguished  megascopically. 
Planes  of  schistosity  are  brought  out  by  weathering,  but  are  not 
readily  seen  in  fresh  samples.  White  mica  (muscovite)  is  well  de- 
veloped along  these  planes.  Under  the  microscope  the  rock  exhibits 
a  finely  granular  texture  and  allotriomorphic  structure.  Rounded 
quartz  gi*ains  have  been  crushed  and  recrystallized.  Feldspars  are 
not  determinable,  being  probably  altered  to  fine  scales  of  sericite, 
which  occur  in  aggregates  of  irregular  form.  A  marked  develop- 
ment of  muscovite  is  noted,  and  there  is  some  light-brown  biotite  in 
small  flakes,  apparently  secondary.  Magnetite  grains  occur  in  the 
muscovite  very  plentifully  and  fine  needles  of  apatite  are  found  in 
the  quartz  and  mioa^,    Tbo  occurrence  of  tourmaline  in  small  prisms 
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is  observed.  At  the  granite  contact  and  near  the  Blue  vein  consider- 
able pyrrhotite  is  found  in  the  slates.  The  rock  seems  to  be  a 
dynamometamorphosed  muddy  sediment  that  was  later  somewhat 
altered  by  contact  metamorphism  following  the  granite  intrusion. 

The  granite  is  a  normal  fine-grained  granite  of  hypidiomorphic 
structure,  and  is  made  up  of  biotite,  orthoclase,  and  quartz.  A  pla- 
gioclase  with  albite-oligoclase  characteristics  occurs  very  rarely,  and 
some  muscovite  is  noted.  As  inclusions  are  found  magnetite  in  the 
biotite  and  apatite  in  the  orthoclase.  The  orthoclase  shows  notable 
alteration  to  sericite.  Some  of  the  crystals  of  this  feldspar  are  idio- 
morphic  and  are  fairly  well  bounded  by  zones  showing  varying  ex- 
tinction. The  quartz  is  in  mosaics  of  irregular  anhedra  filling  spaces 
between  the  micas  and  the  feldspars,  is  fairly  fresh  and  free  from  in- 
clusions, and  shows  few  strain  shadows.  The  muscovite  is  rare,  but 
present  in  shreds  and  flakes  and  as  sericite  in  minute  scales  and  foils. 
Pyrrhotite  occurs  rather  plentifully  in  the  sample  of  fresh  rock 
obtained  from  the  vein  walls  and  is  associated  with  quartz  and  biotite. 
Garnet,  colorless  in  transmitted  light,  occurs  locally  in  both  anhedral 
and  euhedral  forms  replacing  quartz  and  feldspar  grains,  and  is 
isotropic  in  part.  The  rock  is  a  typical  fine-grained  intrusive  granite 
showing  only  traces  of  dynamometamorphism.  From  a  comparison 
of  these  data  with  unpublished  notes  of  C.  W.  Hayes  on  the  granite 
at  Villarica,  Ga.,  which  is  the  youngest  acidic  intrusive  observed 
by  Doctor  Hayes  in  Alabama  or  Georgia  and  in  which  the  ore 
deposits  of  Villarica  are  reported  to  be,  the  rocks  would  seem  to  be 
remarkably  alike.  Mineralogically,  however,  the  granite  at  Villa- 
rica contains  an  excess  of  muscovite  over  biotite. 

ORE   DEPOSITS. 

The  ore  deposits  of  Hog  Mountain  are  fissure  veins  in  a  gran- 
ite that  is  apparently  intrusive  in  the  slates.  They  are  confined, 
so  far  as  explored,  to  the  granite,  and  pinch  out  or  fork  on 
reaching  the  contact  with  the  slates.  On  the  north  knoll  the  general 
strike  of  the  veins  is  northeast  and  southwest.  On  the  middle  knoll, 
however,  and  on  the  western  slopes  of  the  saddle  between  these  knolls 
the  veins  strike  nearly  east  and  west,  although  the  two  largest,  the 
Barren  vein  and  the  Blue  vein,  swing  arojind  to  the  northeast  on  the 
south  slopes  of  the  north  knoll  and  on  approaching  the  eastern  edge 
of  exposed  granite.  The  veins  are  steeply  inclined  and  dip  to  the 
northwest.  The  slates  are  known  to  cover  at  least  a  portion  of  the 
flanks  of  the  eastern  area  of  the  granite,  as  the  Blue  vein  has  been 
followed  in  granite  for  a  short  distance  under  the  slates  on  this  side 
of  the  mountain.  The  veins  show  a  general  tendency  to  decrease  in 
width  from  a  line  about  midway  between  the  granite-slate  contacts.^ 
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and  to  taper  out  irregularly  and  gradually  on  approaching  the  slates 
until  at  the  contact  they  pinch  out.  Three  of  the  veins  on  the  middle 
knoll,  whose  horizontal  extensions,  as  shown  by  the  outcrops  and  shal- 
low workings,  seem  to  be  not  more  than  from  600  to  800  feet,  appar- 
ently do  not  reach  the  slates  before  pinching  out.  .  They  range  in 
width  from  6  inches  to  8  feet.  The  veins  have  in  general  continued 
of  good  width  and  values,  so  far  as  exposed  from  the  higher  surface 
croppings  to  the  100-foot  level,  through  a  vertical  distance  of  about 
300  feet.  Displacement  has  apparently  followed  the  fracturing  of 
the  granite  to  but  a  very  slight  extent.  The  ore  shoots  have  so  far 
not  been  definitely  determined,  but  their  pitch  is  apparently  to  the 
north  and  is  therefore  somewhat  flatter  than  the  dip  of  the  veins. 
The  greater  parts  of  the  veins  seem  to  be  ore  bearing,  and  as  the  ore 
is  almost  all  of  comparatively  low  grade  the  limits  of  the  ore  shoots 
would  naturally  be  rather  poorly  defined.  If  the  intrusive  granite 
proves  to  be  in  a  broad,  thick  sheet,  as  indicated  above,  the  economic 
importance  of  the  swinging  of  the  ore  shoots  away  from  a  westerly 
direction  is  obvious. 

The  chief  ore  mineral  is  auriferous  pyrrhotite.  With  this  occurs 
a  little  pyrite  and  rarely  traces  of  chalcopyrite.  The  gold  obtained 
is  associated  not  only  with  these  minerals,  but  also  with  the  dark- 
blue  quartz.  The  gangue  is  quartz,  of  at  least  two  generations.  The 
older  or  "  blue  "  quartz  is  somewhat  glassy  and  smoky  in  appearance, 
is  dark  blue  in  color,  and  is  fairly  clouded  with  minute  inclusions  of 
liquids  and  gases  and  of  several  opaque  and  semiopaque  substances 
not  determinable  under  the  highest  powers  of  the  microscope.  This 
quartz  shows  abundant  strain  shadows  and  some  apparent  granula- 
tion and  recrystallization,  indicating  crushing  of  the  vein  matter. 
The  hand  specimen  of  ore  exhibits  the  general  appearance  of  breccia- 
tion  of  the  earlier  quartz  filling,  followed  'by  the  introduction  of  the 
sulphides,  in  part  at  least,  and  by  fresh  quartz.  The  latter  is  light- 
colored,  ordinary  vein  quartz,  fairly  free  from  inclusions  and  undu- 
latory  extinction.  Near  the  walls  of  the  vein  large  foils  of  muscovite 
and  veinlets  of  tourmaline  occur  with  the  quartz,  and  the  sulphides 
are  also  present  in  the  granite  itself.  The  orthoclase  of  the  granite 
is  also  altered  in  part  to  sericite  and  includes  apatite.  The  granite 
contains  garnets  at  the  contact  with  the  slates,  where  fine  stringers  of 
quartz  and  pyrrhotite  are  found.  The  orthoclase  of  the  slates  is 
altered  to  sericite  and  the  presence  of  tourmaline  was  noted  in  thin 
sections.     Selvage  is  lacking. 

The  gold  ores  of  Hog  Mountain  have  in  practice  proved  to  be 
almost  invariably  of  low  grade.    A  number  of  assay  returns  were 

published  by  W.  B.  Phillips  «  in  1892,  and  four  of  these  were  from 
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samples  collected  by  him  at  random  from  old  dumps.  These  four 
showed  gold  2.8,  0.3,  1.1,  and  0.5  ounces;  silver,  0.8  ounce,  trace, 
trace,  and  0.2  ounce  per  ton ;  and  total  values  of  $58.67,  $6.20,  $22.73, 
and  $10.53  per  ton.  Mr.  A.  F.  HoflFer  had  some  assays  made  of  Hog 
Mountain  ores  in ••1886  and  1887,  "  perhaps  sixty  or  seventy,"  and, 
according  to  his  recollection,  the  values  ranged  from  $2  to  $31  and 
averaged  about  $7.50.  Extensive  sampling  underground  has  re- 
turned average  assay  values  of  $9  to  $10  per  ton ;  and  99  per  cent  of 
this  is  in  gold.  Extraction,  however,  has  so  far  given  considerably 
lower  returns  than  this.  Richer  ore  is  occasionally  found,  but  on 
the  other  hand  the  values  have  been  at  times  as  low  as  $2  according 
to  reports  quoted  above. 

The  surface  or  "  red  "  ores  are  oxidized  and  are  largely  free-mill- 
ing. The  Barren  vein  is  so  called  from  the  fact  that  it  carried  only 
traces  of  gold  at  the  outcrop,  but  the  vein  furnishes  good  ore  below. 
At  the  present  time  the  "blue "  or  unoxidized  ore  is  supplying  much 
of  the  output  and  is  treated  with  the  surface  ores. 

The  free-milling  surface  ores  were  treated  in  the  early  days  by 
crude  washing  operations.  Later  a  10-stamp  California  mill  was 
erected.  A  report  from  the  St.  Louis  Sampling  and  Testing  Works, 
submitted  in  1889  as  the  result  of  a  trial  mill  run  of  a  small  lot  of 
Hog  Mountain  ore,*  showed  a  saving  by  amalgamation  of  73.7  per 
cent  of  the  gold. 

The  present  process,  worked  out  on  the  ground  during  two  years 
of  experiments  by  Mr.  T.  H.  Aldrich,  jr.,  and  Mr.  A.  P.  Kennedy, 
combines  the  rather  original  feature  of  heating  in  a  revolving  kiln  to 
350°  F.  with  coarse  crushing  and  cyaniding.  Fine  crushing  had 
been  tried  and  found  a  failure.  The  ore  is  crushed  between  two  sets 
of  rolls  to  pass  through  ^-inch  and  ^-inch  screen  slots,  and  is  then 
introduced  directly  into  a  revolving  kiln  in  which  a  temperature  of 
350°  F.  is  maintained  by  wood  firing.  From  the  kiln  the  ore  is 
trammed  direct  to  the  cyanide  vats.  The  process,  is  at  present  ex- 
perimental, but  has  so  far  been  fairly  successful  both  with  the  usual 
mixture  of  two-thirds  of  "  red  "  ore  to  one-third  of  "  blue,"  and  with 
the  "  blue  "  ores  alone.  The  eflFect  of  the  kiln  treatment  is  not  an 
oxidizing  roast,  as  this  is  not  desired,  but  seems  to  be  the  thorough 
shattering  of  the  quartz,  due  partly  perhaps  to  increased  internal 
pressure  of  included  gases,  and  the  great  increase,  thereby,  of  poros- 
ity in  the  ore  and  of  leaching  by  the  cyanide.  As  complete  analyses 
are  not  yet  available  and  as  minute  opaque  substances  in  the  ore  are 
yet  undetermined,  intelligent  discussion  of  processes  of  treatment  is 
difficult. 

*     «  Phillips,  W.  B.,  op.  cit.,  p.  53, 
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THE  TALLAPOOSA  MINE. 

Lying  in  the  middle  of  the  central  slate  belt,  as  outlined  in  the 
description  of  the  Gold  Ridge  mines,  and  about  4  miles  southeast  of 
Hog  Mountain,  is  the  Tallapoosa  mine.  This  «iine  is  apparently 
along  the  line  of  strike  of  the  Goldville  belt  of  gold  deposits  de- 
scribed by  Phillips  «  as  extending  from  Hillabee  Bridge  to  Goldville, 
in  Tallapoosa  County,  a  distance  of  14  miles.  The  country  rock  is  the 
Ocoee  slate,  and  the  ore  bodies  are  lens-shaped  quartz  veins  striking 
N.  23°  E.  to  N.  35°  E.  and  dipping  45°  S.  67°  E.  to  S.  55°  E.  One 
vein  only  has  been  extensively  developed.  This  is  from  6  inches  to  4 
feet  thick  and  usually  lies  between  the  walls  of  dark-blue  fine-grained 
mica  schist  or  slate,  but  here  and  there  crosses  the  planes  of  schistosity 
at  slight  angles.  The  vein  is  somewhat  banded  in  structure  and  con- 
sists in  part  of  alternating  bands  of  white  and  dark-blue  quartz  with 
white  and  brown  mica  developed  along  parting  planes.  In  places  the 
walls  of  fine-grained  slate  contain  narrow  flattened  "  rods  "  of  quartz 
lying  with  longer  axes  parallel  to  the  strike  of  the  schistosity  and 
resembling  the  "  pipes  "  of  similar  material  and  structure  of  the  Gold 
Ridge  mines.  The  vein  swells  and  pinches,  parts  and  reunites,  but 
holds  its  persistent  strike  and  dip  fairly  well.  The  slate  walls  are  in 
many  places  much  crumpled. 

At  the  surface  the  wall  rock  is  weathered  to  reddish-brown  clay 
and  the  vein  matter  is  usually  a  rather  sandy  and  friable  white  or 
iron-stained  quartz,  with  parting  planes  of  white  mica.  The  gold  is 
free-milling  and  much  of  it  occurs  in  large  flakes  or  grains.  With 
increasing  depth  the  gold  becomes  finer  and  for  the  most  part  locked 
up  in  iron  sulphides,  although  even  below  water  level  it  is  free-milling 
in  part.  The  greater  part  of  the  work  in  this  mine  has  been  the  ex- 
traction of  the  oxidized  ores,  and  rich  pockets  have  frequently  been 
found.  The  average  value  of  the  ore,  is  reported  to  be  about  $16  to 
the  ton. 

The  present  workings  consist  of  an  inclined  shaft  down  185  feet, 
from  which  drifts  have  been  laid  off  on  both  sides.  The  surface  ore 
to  water  level,  at  a  vertical  depth  of  about  40  feet,  has  been  largely 
stoped  out.  The  process  of  treatment  has  been  amalgamation,  stamp 
milling,  fine  crushing,  and  cyanidation,  and  a  modern  plant  of  solid 
construction  was  erected,  but  was  run  only  a  short  time  before  closing 
down  pending  the  company's  reorganization. 

~  -  ■   ■  

•Phillips,  W.  B.,  op.  citi  pp.  36-48. 


THE  MINERAL  DEPOSITS  OF  THE   CERBAT  RANGE, 

BUCK  MOUNTAINS,  AND   GRAND  WASH 

CLIFFS,  MOHAYE  COUNTY,  ARIZ. 


By  F.  C.  SCHRADEK. 


INTRODUCTION. 

The  field  work  forming  the  basis  of  this  paper  was  a  reconnais- 
sance made  by  the  writer  under  the  direction  of  Waldemar  Lindgren 
from  October,  1906,  to  February,  1907.  The  purpose  of  the  work 
was  to  obtain  a  general  idea  of  the  mineral  resources  of  western 
Arizona,  concerning  which  relatively  little  has  hitherto  been  known. 
The  writer  wishes  to  express  here  his  appreciation  for  the  valuable 
assistance  he  has  received  from  mining  men  throughout  the  field, 
from  members  of  the  division  of  chemical  and  physical  research  of 
the  Survey,  and  from  Mr.  Lindgren,  who  has  also  made  the  micro- 
scopic determinations  of  the  rocks  and  ores  herein  described. 

DESCRIPTION  OF  THE  REGION. 

LOCATION. 

The  region  containing  the  deposits  here  described,  as  outlined  in 
the  accompanying  sketch  map  (fig.  1),  lies  in  the  central  part  of 
Mohave  County,  Ariz.,  on  the  main  line  of  the  Atchison,  Topeka 
and  Santa  Fe  Railway.  It  is  bordered  on  the  west  by  Nevada  and 
California,  from  which  it  is  separated  by  Colorado  River,  and  on 
the  east  by  the  Colorado  Plateau  and  similar  highlands  extending 
southward,  from  which  it  is  separated  by  the  Grand  Wash  Cliffs 
and  their  southern  continuations.  It  extends  from  a  point  near  the 
Big  Bend  of  the  Colorado  and  the  mouth  of  the  Grand  Canyon  on 
the  north  to  Mellen  and  the  southern  extremity  of  the  Black  Moun- 
tains on  the  south,  a  distance  of  90  miles.  Its  width  is  about  75  miles 
and  its  area  about  7,000  square  miles.  Most  of  the  region  is  shown 
on  the  Camp  Mohave  and  Diamond  Creek  topographic  sheets  of  the 
United  States  Geological  Survey. 
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The  principal  towns  are  Kingman,  Hackberry,  Chloride,  Gold 
Road,  and  Vivian.  Kingman,  the  county  seat  of  Mohave  County, 
situated  on  the  railroad,  is  the  principal  distributing  point  for 
nearly  all  the  mining  districts  of  northwestern  Arizona  and  adjacent 
parts  of  Nevada.  Chloride,  situated  about  20  miles  north  of  King- 
man and  connected  with  it  by  a  branch  railroad,  is  Ihe  principal 
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Fig.  1. — Map  showing  mining  camps  in  a  part  of  western  Arizona. 

trading  point  for  the  northwestern  part  of  the  region.  Hackberry 
is  situated  in  the  eastern  part  of  the  region,  on  the  railroad;  Gold 
Eoad  is  in  the  western  part,  about  24  miles  southwest  of  Kingman, 
on  the  upper  west  slope  of  the  Black  Mountains;  and  Vivian  is  about 
3  mUes  southwest  of  Gold  Eoad. 
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TOPOGRAPHY  AND  DRAINAGE. 

The  principal  topographic  features  of  this  region  are  barren 
desert  ranges  and  intervening  broad,  plainlike,  gently  sloping,  detri- 
tus-filled valleys,  the  southward  extensions  of  the  features  of  the 
Great  Basin  so  well  known  in  Nevada.  In  addition  are  the  great 
trough  of  the  Colorado  on  the  west  and  the  Grand  Wash  Cliffs  on 
the  east.  There  is  a  marked  parallelism  of  all  these  features,  and 
they  trend  a  little  north  of  west. 

The  elevation  ranges  from  500  feet  on  the  southwest,  at  Colorado 
River,  to  8,266  feet  on  Hualpai  Peak,  but  the  mountains  average 
somewhat  less  than  5,000  feet  in  elevation,  and  the  valleys  about 
2,500  feet.  The  general  slope  of  the  region  is  southwestward  toward 
the  Colorado,  into  which  all  the  drainage  leads. 

The  mountains  seem  in  general  to  be  due  to  erosion,  but  portions 
are  deformational  forms  or  fault  blocks.  They  are  more  or  less 
rugged  and  largely  exhibit  the  rounded  forms  produced  by  the 
weathering  of  granite.  They  are  composed  mainly  of  a  pre-Cam- 
brian  complex  of  granitoid  and  metamorphic  rocks  and  are  flanked 
or  locally  overlain  by  Tertiary  or  younger  volcanic  rocks. 

The  ranges,  like  the  valleys,  average  10  or  12  miles  in  width  and 
their  aggregate  area  is  about  equal  to  that  of  the  valleys.  Named 
in  order  from  east  to  west  they  are  the  Grand  Wash  Cliffs,  Cerbat 
Range,  Black  Mountains,  and  Eldorado  Range.'  The  first  two  are 
separated  by  Hualpai  Valley,  the  second  and  third  by  Detrital  and 
Sacramento  valleys,  and  the  last  two  by  the  great  trough  of  Colorado 
River. 

The  Grand  Wash  Cliffs,  well  developed  on  the  northeast,  mark 
the  great  fault  scarp  between  the  Colorado  Plateau  at  an  elevation 
of  .6,500  feet  and  the  Hualpai  Valley  3,000  feet  below. 

The  Cerbat  Range,  which  is  somewhat  broken  above  Chloride  and 
at  Kingman,  consists  from  north  to  south  of  the  White  Hills,  the 
Cerbat  Mountains,  and  the  Hualpai  Mountains,  as  indicated  on  the 
accompanying  map.  The  Peacock  Mountains,  situated  between 
Kingman  and  Hackberry,  are  a  spur  or  outlier  of  the  Hualpai 
Mountains. 

The  Black  Mountains  lie  between  Detrital  and  Sacramento  valleys 
on  the  east  and  the  great  trough  of  the  Colorado  on  the  west.  Their 
western  side  for  the  most  part  descends  from  an  elevation  of  5,500 
feet  at  the  crest,  in  long,  gentle,  lava  or  gravel  covered,  canyon- 
scored,  graded  slopes,  to  the  elevation  of  500  or  600  feet  at  the  river. 

Rising  from  the  great  trough  of  the  Colorado  on  the  west  to  a 
maximum  height  of  6,000  feet  along  the  eastern  border  of  Nevada, 
is  the  Eldorado  Range,  which  contains  the  Searchlight,  Eldorado 
Canyon j  and  other  producing  camps.  This  range  is  not  discussed 
in  this  paper,  the  descriptions  being  confined  io  \Jaft  K\\TaQ>x^^\kxs\ms»* 
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GKOIX>GY. 

The  principal  rock  formations  of  the  region  are  the  pre-Cambrian 
complex,  the  Paleozoic  sediments,  and  the  Tertiary  volcanic  rocks. 

PRE-CAMBRIAN  ROCKS. 

The  pre-Cambrian  complex  consists  essentially  of  coarse,  in  places 
roughly  porphyritic,  granite  and  granitoid  rocks,  gneisses,  and  schists 
of  various  kinds.  It  contains  numerous  quartz  veins  and  lodes,  in 
which  occur  the  mineral  deposits  mined  in  the  Cerbat  Eange  and 
Grand  Wash  Cliffs.  Its  rocks  have  been  extensively  subjected  to 
dynamic  forces  which  have  affected  them  in  varying  degrees  in  differ- 
ent regions.  The  dominant  trend  of  the  schistosity  is  about  N.  30°  E., 
with  dip  vertical  or  eastward,  usually  at  steep  angles,  and  the  main 
jointing  strikes  north-northwest,  with  dip  vertical  or  steeply  inclined 
to  the  east-northeast.  This  latter  direction  is  also  approximately  the 
trend  of  most  of  the  fissures  containing  the  quartz  veins.  These 
rocks  are  widely  distributed.  They  largely  constitute  the  mountain 
ranges  and  underlie  the  region  as  a  whole,  forming  the  eroded,  un- 
even floor  upon  which  all  the  other  formations  rest.  They  make  up 
the  greater  portion  of  the  Grand  Wash  Cliffs,  whence  they  extend 
eastward  beneath  the  Paleozoic  rocks  of  the  Colorado  Plateau.  They 
compose  the  greater  part  of  the  White  Hills  and  practically  the  whole 
of  the  Cerbat,  Hualpai,  and  Peacock  mountains.  They  are  also  the 
principal  rocks  exposed  in  the  northern  part  of  the  Black  Mountains 
and  are  prominent  in  the  Eldorado  Range  beyond  Colorado  River. 

PALEOZOIC   SEDIMENTS. 

About  the  only  Paleozoic  sediments  of  the  area  are  the  Tonto 
(Cambrian?)  and  the  Redwall  (Carboniferous)  formations,  which 
form  the  upper  part  of  the  Grand  Wash  Cliffs  on  the  east.  At  one 
time  they  must  have  covered  the  entire  region,  from  which  they  have 
since  been  eroded. 

OLDER  INTRUSIVES. 

The  pre-Cambrian  rocks  are  locally  intruded  by  igneous  masses  and 
dikes  which  are  considerably  older  than  the  Tertiary  volcanic  rocks 
next  to  be  described,  but  whose  age  is  not  definitely  known.  The 
most  important  of  these  intrusives  are  granite  and  quartz  syenite 
porphyry. 

GRANITE. 

The  intrusive  granite  occurs  mainly  in  the  Cerbat  Mountains,  where 
it  extends  interruptedly  from  Stockton  Hill  to  Chloride,  being  practi- 
cally coextensive  with  the  mineral  belt  of  the  mountains.  The  prin- 
cipal masses,  however,  occur  in  the  Mineral  Park  district,  where  the 
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granite  forms  the  upper  part  of  a  prominent  foothill  or  knob  on  the 
northwest  known  as  "  Niggerhead."  It  also  constitutes  a  considerable 
portion  of  the  mountains  on  the  opposite  side  of  the  wash  to  the 
south,  and  extends  interruptedly  throughout  the  greater  portion  of 
the  basin  eastward  for  a  distance  of  IJ  miles  into  the  slope  of  the 
range.  Its  structure  or  jointing,  well  shown  across  the  northern  part 
of  the  Mineral  Park  district,  dips  westward  at  angles  of  about  35°. 

In  a  fresh  specimen  the  granite  is  normally  a  light  gray  to  white, 
medium  to  fine  grained,  granular  aplitic  microcline  granite.  It  usu- 
ally contains  garnet  and  a  very  little  biotite.  The  rock  has  a  pro- 
nounced gneissoid  or  schistose  structure,  and  weathers  from  light 
brown  to  dark,  by  reason  of  which  it  is  not  easily  distinguishable  in 
the  field  from  its  pre-Cambrian  host. 

QUARTZ  SYENITE  PORPHYRY. 

The  quartz  syenite  porphyry  is  a  pinkish,  medium  to  coarse  grained 
rock,  composed  essentially  of  a  quartz-orthoclase  groundmass,  largely 
orthoclase,  in  which  the  quartz  occurs  in  granophyric  growths.  The 
principal  other  minerals  present  are  biotite  or  chlorite  derived  from 
biotite  and  a  small  amount  of  magnetite,  the  latter  occurring  in  small 
grains. 

This  rock  occurs  in  two  masses,  one  of  which  makes  up  the  Hardy 
Mountains,  an  outlying  group  several  miles  in  diameter,  situated 
about  2 J  miles  west  of  Gold  Road ;  the  other  occupies  an  area  of  un- 
known extent  embracing  the  hills  in  the  vicinity  of  the  Moss  mine, 
about  4  miles  northwest  of  Gold  Road. 

TERTIARY  VOLCANIC  ROCKS. 
GENERAL  OUTLINE. 

The  erosion  of  the  Paleozoic  sediments  from  the  region  was  fol- 
lowed by  the  eruption  of  a  great  mass  of  Tertiary  lavas  which  more 
or  less  completely  covered  the  entire  area.  The  present  bodies  of 
these  rocks,  ranging  from  mere  local  outcrops  to  mountain  masses 
occupying  several  hundred  square  miles  and  presenting  sections  3,000 
feet  in  thickness,  are  mere  remnants  of  the  former  vast  lava  field 
which  extended  over  the  region.  The  rocks  consist  essentially  of 
andesites,  trachytes,  rhyolites,  dacites,  and  latites  disposed  in  broad 
superimposed  flow  sheets  with  intercalated  beds  of  ash,  tuff,  and  flow 
breccia.  They  are  best  developed  in  the  Black  Mountains,  partijcu- 
larly  in  the  southern  part,  and  contain  most  of  the  mineral  deposits 
occurring  in  that  range. 

OLDER    ANDESITE. 

The  oldest  or  basal  formation  of  the  Tertiary  volcanic  series,  as 
exposed  in  the  Vivian  region,  is  a  light-gray,  purple,  or  i^«.W^cft5s^ 
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medium  to  fine  grained  tufaceous  andesite.  It  commonly  contains 
chlorite,  calcite,  and  biotite  and  is  locally  silicified  or  rhyolitic.  It 
is  at  least  several  hundred  feet  thick,  and  occupies  the  border  of  the 
foothills  extending  from  a  point  near  the  Vivian  and  Leland  mines 
southwestward  to  the  mesa  of  the  Colorado,  1  or  2  miles  distant. 
It  is  not  known  to  contain  mineral  deposits  of  commercial  value. 
West  of  the  Leland  mine  it  is  intruded  by  dikes  of  the  green  chloritic 
andesite  next  to  be  described. 

GKBEN  CHLORITIC  ANDESITE* 

Overlying  the  older  andesite  on  the  northeast  is  the  second  forma- 
tion of  the  series,  an  altered  green  andesite,  locally  known  as  "  an- 
tique porphyry."  It  is  highly  porphyritic  and  consists  essentially 
of  innumerable  phenocrysts  of  white  feldspar  about  three-eighths 
of  an  inch  in  maximum  diameter  embedded  in  a  medium  to  fine 
grained  green  chloritic  groundmass.  It  is  locally  calcitic  or  pyritic. 
In  some  places  it  contains  a  little  quartz  and  magnetite,  and  in  others 
chalcedony-pyrite  veinlets.  In  the  unaltered  state,  however,  ex- 
posures of  which  are  few,  the  rock  is  black,  with  the  phenocrysts 
fresh  and  glassy. 

This  formation  extends  from  Vivian  northward  to  the  Mossback 
mine.  It  occupies  an  area  of  35  or  40  square  miles  and  has  a  maxi- 
mum thickness  of  800  feet.  It  is  disposed  in  heavy  beds  or  flows 
inclining  gently  eastward  into  the  range. 

TTNDirFERENTIATED   VOLCANIC   ROCKS. 

Overlying  the  green  chloritic  andesite  in  the  Gold  Koad  district 
is  a  group  of  about  2,000  feet  of  as  yet  undifferentiated  volcanics 
consisting  essentially  of  andesites,  trachytes,  rhyolites,  and  latites. 
This  group  constitutes  the  bulk  of  the  range  in  this  locality  and  is 
important  economically,  as  it  contains  the  Gold  Road  vein  and  neigh- 
boring deposits.  It  extends  from  the  vicinity  of  the  Gold  Road  mine 
nearly  to  the  summit  of  the  range  and  has  produced  the  rugged 
topography  of  that  district. 

RHYOLITE. 

The  above-described  undifferentiated  rocks  are  overlain  by  the 
fourth  formation  of  the  series,  consisting  of  a  group  of  rhyolites 
composed  of  tuffs,  ash,  flows,  and  breccias.  In  some  localities  this 
group  attains  a  thickness  of  1,000  feet  or  more.  It  extends  interrupt- 
edly throughout  the  length  of  the  Black  Mountains,  and  is  known  as 
the  "  water  rock,"  from  springs  that  occur  in  it. 

In  the  Cerbat  Range  it  essentially  composes  the  Kingman  Mesa, 
situated  between  the  Cerbat  and  Hualpai  mountains,  and  surrounds 
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Kingman,  where  the  tuffs  seem  in  part  at  least  to  be  water-laid.  It 
also  interruptedly  borders  a  considerable  portion  of  the  western  base 
of  the  Cerbat  Mountains.  Its  dikes  cut  nearly  all  the  underlying 
volcanic  rocks  as  well  as  the  pre-Cambrian  complex. 

YOUNGER  ANDESITE. 

Overlying  the  rhyolite  and  locally  cutting  it  as  dikes  is  the  fifth 
formation  of  the  series,  consisting  of  local  flows  of  dark-reddish 
andesite.  It  occurs  in  the  Gold  Road  region  and  in  the  Cerbat  Moun- 
tains northwest  of  Kingman.  It  is  usually  dense,  but  is  locally 
vesicular  and  resembles  the  overlying  basalt. 

OLIVINE   BASALT. 

The  youngest  of  the  effusives  is  black  olivine  basalt.  It  occurs  in 
sheets  of  two  or  more  periods  locally  overlying  and  cutting  through 
the  older  rocks,  including  the  andesite  last  described  and  the  Quater- 
nary gravels.  It  is  usually  dense,  but  is  locally  vesicular  or  amyg- 
daloidal. 

MINERAIi  DEPOSITS. 

METALLIC  MINERALS. 
INTRODUCTION. 

The  discovery  of  metallic  mineral  deposits  in  this  region  dates  from 
early  m  the  sixties,  when  rich  gold  ore  was  found  at  what  has  smce 
been  known  as  the  Moss  mine,  situated  about  4  miles  northwest  of 
Gold  Eoad  near  the  old  Camp  Mohave  trail.  A  decade  later  the  dis- 
covery of  silver-gold  ore  in  the  Cerbat  Kange  drew  the  attention  of 
prospectors  thither,  and  the  rich  veins  of  the  Cerbat  and  Hualpai 
mountains  were  opened.  The  ores  from  these  mines  were  so  rich 
that  large  profits  were  returned  from  them,  although  the  expense  of 
freight  and  treatment  ran  into  hundreds  of  dollars  per  ton,  owing  to 
the  fact  that  they  had  to  be  packed  long  distances  on  burros  to  Colo- 
rado Eiver,  thence  transported  by  river  steamer  down  the  Gulf  of 
California  and  up  the  coast  to  San  Francisco,  whence  they  were 
shipped  to  England  for  treatment.  This  was  the  method  of  market- 
ing ores  until  the  advent  of  the  railroad  in  1882.  During  this  period 
the  region  was  classed  as  a  silver  camp,  until  the  decline  of  silver 
drove  prospectors  back  into  the  gold  belt  of  the  country.  Later  the 
Gold  Boad  and  Vivian  mines,  to  which  the  San  Francisco  mining 
district  owes  its  present  prosperity,  were  found. 

Up  to  the  eighties,  for  want  of  transportation  facilities  and  ma- 
chinery, there  were  but  few  shafts  more  than  150  feet  deep,  although 
the  production  of  high-grade  ores  ran  well  up  into  the  i^aillvova.. 
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With  the  advent  of  the  railroad  a  new  mining  era  began  and  prac- 
tically the  first  development  work  below  water  level  was  inaugurated. 
During  the  last  few  years  the  industry  has  taken  a  new  lease  and 
many  properties  are  being  exploited  and  opened  up.  Old  and 
abandoned  mines  are  being  unwatered  and  their  dumps  tested  and 
cyanided  or  milled.  With  deeper  and  more  systematic  mining,  new 
ore  shoots  are  found,  and  the  once  "  low-grade  "  ore  bodies  are  utilized 
by  means  of  the  latest  improved  milling  and  value-saving  apparatus. 
This  activity,  with  the  reduction  in  shipping  rates  to  the  smdters, 
marks  an  epoch  in  the  history  of  mining  in  this  region  and  enables 
the  owner  to  handle  his  dump  ores  at  a  fair  profit.  In  the  early 
days  the  smelters  paid  for  silver  only,  making  no  allowance  for  the 
gold,  lead,  or  copper  contained  in  the  ore,  but  now  the  producer 
receives  pay  for  all  these  metals. 

GENERAL    CHARACTER    OF    THE    DEPOSITS. 

The  metallic  deposits  occurring  in  the  ranges  here  described  con- 
tain  gold,  silver,  lead,  copper,  zinc,  and  tungsten,  and  exhibit  con- 
siderable diversity  in  character  and  occurrence.  They  naturally  fall 
into  two  very  distinct  groups.  The  first  consists  of  quartz  fissure  veins 
containing  pyrite,  galena,  zinc  blende,  and  locally  also  arsenopyrite. 
The  sulphides  yield  principally  silver,  but  also  gold.  These  de- 
posits are  confined  chiefly  to  the  Cerbat  Range  and  usually  occur  in 
the  pre-Cambrian  rocks.  It  is  possible  that  they  are  genetically  con- 
nected with  the  intrusive  mass  of  light-colored  aplitic  granite  which 
breaks  through  the  pre-Cambrian  rocks  in  the  Cerbat  Mountains 
mainly  in  the  Mineral  Park  district.  They  are  oxidized  to  a  depth 
ranging  from  50  to  300  feet.  The  change  from  the  oxidized  to  the 
unoxidized  ore  is  not  usually,  sharply  defined,  but  occurs  within  a 
zone  having  a  vertical  range  of  10  to  20  feet  or  more.  At  the  present 
time  the  sulphide  ores  are  principally  utilized.  In  the  oxidized  zone 
cerargyrite,  or  horn  silver,  is  the  principal  valuable  mineral,  but  is 
at  many  places  accompanied  by  native  silver  and  ruby  silver.  The 
water  level  is  found  at  about  400  feet  below  the  surface. 

The  second  group  comprises  the  deposits  of  the  Black  Mountains. 
They  differ  markedly  from  those  of  the  Cerbat  Range  just  described 
in  four  important  respects.  First,  they  occur  chiefly  in  the  Tertiary 
volcanic  rocks,  especially  in  the  green  chloritic  andesite,  and  are 
younger  than  the  Cerbat  veins.  Secondly,  though  they  occur  chiefly 
in  fissure  veins,  these  veins  seem  to  have  originally  contained  a  calcite 
gangue,  which  is  still  present  in  many  of  them.  In  the  most  valu- 
able deposits,  however,  a  mineralogical  change  has  taken  place  by 
which  the  calcite  has  been  replaced  by  quartz  and  adularia.  Third, 
the  values  are  almost  exclusively  gold.    Fourth,  the  oxidation  extends 
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to  a  depth  of  600  or  700  feet,  and,  as  a  rule,  no  sulphides  are  found. 
The  general  water  level  is  probably  about  700  or  more  feet  below  the 
surface. 

The  deposits  as  a  whole  seem  to  owe  their  origin  to  mineralized, 
principally  hot-water  solutions  that  circulated  through  the  fissures 
and  fractures  they  now  occupy. 

Owing  to  the  great  number  of  the  deposits,  their  mode  of  occur- 
rence, the  "  chloriding  "  method  pursued  in  the  past  for  the  removal 
of  values,  and  the  fact  that  work  was  generally  abandoned  when 
water  was  encountered,  the  area  contains  a  large  number  of  small 
mines,  which  are  either  producing  or  capable  of  becoming  produc- 
tive. In  the  following  descriptions  these  may  be  most  conveniently 
considered  by  districts,  of  which  the  most  important  are  the  Chloride 
district  in  the  Cerbat  Range  and  the  Gold  Road  district  in  the  Black 
Mountains.  No  attempt  is  made  to  identify  these  areas  with  the 
legally  established  mining  districts. 

DETAILED    DESCRIPTIONS. 
CERBAT  RANGE. 
INTBODUCHON. 

The  principal  districts  in  the  Cerbat  Range,  named  in  order  from 
north  to  south,  are  the  Gold  Basin,  White  Hills,  Chloride,  Mineral 
Park,  Cerbat,  Stockton  Hill,  McConnico,  and  Maynard.  Of  these  the 
four  most  important  are  the  Chloride,  Mineral  Park,  Cerbat,  and 
Stockton  Hill  districts.  These  are  located  in  the  middle  part  of  the 
Cerbat  Mountains,  extending  from  a  point  just  south  of  Stockton 
Hill  and  Cerbat  to  a  point  north  of  Chloride,  a  distance  of  about  12 
miles,  and  they  have  certain  features  in  common. 

The  rocks  of  this  portion  of  the  mountains,  as  described  under 
"  Geology,"  are  essentially  of  the  pre-Cambrian  complex  and  consist 
of  gray  granite,  gneissoid  granite,  and  dark  schists,  including  horn- 
blende, mica,  and  garnet  schists.  They  are  flanked  on  the  west  in 
the  Cerbat  district  by  local  areas  of  rhyolite  and  other  Tertiary  vol- 
canic rocks.  To  the  north,  through  Mineral  Park  and  toward  Chlo- 
ride, they  are  intruded  by  granite  masses.  Furthermore,  they  are 
locally  cut  by  dikes  of  pegmatite,  aplitic  granite,  diabase,  vogesite, 
kersantite,  minette,  and  rhyolite. 

The  deposits  occur  in  well-defined  fissure  veins,  of  which  there 
are  two  sets,  one  striking  about  N.  20°  or  30°  W.,  and  the  other  N. 
70°  W.,  usually  with  steep  dips.  Some  of  the  deposits  are  also  inti- 
mately associated  with  the  vogesite,  minette,  and  aplitic  dikes. 

The  croppings,  which  are  generally  prominent,  consist  of  red  or 
dark  reddish-brown  iron  and  manganese  stained  quartz  and  altered, 
silicified  coimtry  rock.    Many  of  the  veins  are  frozen  to  the  walls; 
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others  are  separated  from  them  by  several  inches  of  soft  argillaceous 
or  talcose  gouge.  The  gangue  is  quartz  and  the  ores  are  sulphides 
of  silver,  lead,  copper,  and  zinc,  generally  containing  gold.  Silver 
and  lead  predominate  in  the  Chloride,  Mineral  Park,  and  Stockton 
Hill  districts,  and  gold  and  silver  in  the  Cerbat  district. 

The  ore  deposits  as  seen  in  some  mines  suggest  two  epochs  of  ore 
deposition  which  have  been  followed  by  deep  oxidation  and  sulphide 
enrichment.  The  great  depth  of  this  oxidized  ore  is  a  favorable  in- 
dication for  the  future  of  the  district.  Many  of  the  mines,  notably 
in  the  Chloride  and  Mineral  Park  districts,  which  near  the  surface 
were  silver  mines,  with  increase  in  depth  have  become  base-metal 
or  lead  mines,  and  with  greater  depths  are  becoming  cupriferous. 
The  so-called  copper  belt  of  the  area  extends  from  Mineral  Park 
northwestward  toward  Chloride,  a  distance  of  several  miles. 

CHLORIDE    DISTRICT. 

General  outline. — The  Chloride  district,  the  most  important  in 
the  region,  is  situated  about  20  miles  north-northwest  of  Kingman, 
on  the  west  slope* of  the  Cerbat  Mountains  and  the  adjacent  border 
of  Sacramento  Valley.  It  covers  an  irregular  area  about  6  miles  in 
diameter.  The  mountainous  portion  is  in  part  rugged,  and  is  scored 
by  several  deep  washes.  Within  a  distance  of  about  2  miles  the  sur- 
face descends  from  the  altitude  of  6,000  feet  at  the  crest  of  the  range 
to  about  4,000  feet  at  its  base,  where  it  meets  the  plain  of  Sacramento 
Valley. 

Chloride,  the  shipping  and  distributing  point,  is  favorably  sit- 
uated just  northwest  of  the  center  of  the  district  in  the  open  border 
of  the  valley  at  4,000  feet  elevation.  As  a  camp  it  dates  from  the 
early  sixties  and  as  a  town  from  the  early  seventies.  From  that  time 
it  continued  to  be  more  or  less  active  and  in  1899  and  1900  reached 
its  zenith,  with  a  population  of  about  2,000;  but  for  the  last  four 
or.  five  years  it  has  been  very  quiet.  Several  of  the  more  important 
mines,  however,  are  in  operation  and  considerable  work  is  being 
done  on  a  score  of  other  good  properties.  Lack  of  water  has  been 
the  chief  drawback,  but  the  deeper  mines  show  that  by  sinking  wells 
plenty  of  water  can  be  obtained. 

Many  of  the  veins  are  persistent  and  have  an  extent  of  nearly  a 
mile.  The  ores  carry  principally  silver  and  lead,  with  some  gold 
and  copper.  They  have  produced  several  hundred  thousand  tons 
of  lead  and  several  millions  of  dollars  in  gold  and  silver.  Exact  fig- 
ures are  not  available. 

The  district  contains  about  20  mines,  located  mostly  in  the  lower 
slope  of  the  mountains.  Six  of  these  mines  have  been  opened  to 
depths  of  500  to  600  feet,  and  many  others  range  from  200  to  300  feet 
in  depth.     The  most  important  are  the  Tennessee,  Samoa,  Lucky 
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Boy,  Towne,  Pinkham,  Altata,  Midnight,  Minnesota-Connor,  Elk- 
hart, Schuylkill,  Juno,  and  Pay  Roll,  the  first  seven  being  the  prin- 
cipal present  producers.  Of  these  the  Samoa,  Minnesota-Connor, 
and  Tennessee  are  the  most  prominent. 

Tennessee  mine, — The  Tennessee  mine  is  located  a  mile  east  of 
Chloride,  at  the  base  of  the  mountains,  its  elevation  being  4,050  feet. 
The  country  rock  is  pre-Cambrian  gneiss,  with  granite  and  schist 
occurring  near  by.  The  gneiss  is  composed  essentially  of  sericitized 
feldspar  and  crushed  quartz.  The  mine  is  located  on  the  Tennessee 
vein,  which  further  north  has  also  been  opened  by  the  Schuylkill 
and  Elkhart  mines.  It  is  developed  to  the  depth  of  600  feet  by  two 
shafts  and  six  levels,  which  aggregate  about  5,000  feet  of  workings. 
It  produces  some  water.  The  principal  surface  improvements  are 
a  well-equipped  100-ton  concentrating  mill  and  two  steam  hoists. 

The  vein  dips  steeply  to  the  east.  The  croppings  show  quartz 
stained  brown  or  black  by  iron  and  manganese  oxides.  The  walls  are 
hard,  smooth,  and  regular  and  show  several  systems  of  slickensiding. 
In  places  the  vein  itself  is  fissured.  The  ore  contains  the  sulphides 
of  lead,  zinc,  and  iron,  carrying  silver  values  and  some  gold  and  cop- 
per. Its  average  run  of  mine,  omitting  ziijc,  is  about  as  follows: 
Lead,  20  to  70  per  cent,  concentrates  75  per  cent;  silver,  8  ounces, 
concentrates  25  ounces;  gold,  small  amount;  copper,  some  in  deep 
part  of  mine.  Of  the  output  about  one-third  is  high-grade  shipping 
ore ;  the  remainder  is  milled. 

The  mine  has  been  productive  from  the  surface.  Thousands  of 
tons  of  rich  galena  have  been  shipped  to  the  smelter  from  the 
upper  400  feet.  Here  the  ore  shoot  had  a  horizontal  extent  of 
about  250  feet,  and  was  locally  15  feet  in  width.  There  is  ^ill 
much  good  ore  in  this  section  of  the  mine.  On  the  400-foot  level 
solid  galena  was  mined  for  a  vein  width  of  21  feet  and  5  inchles, 
extending  horizontally  for  about  40  feet.  From  the  fourth  to  the 
fifth  level  there  is  a  decrease  in  the  value  of  the  ore  due  to  local 
increase  of  zinc,  but  from  the  fifth  to  the  sixth  level  the  ore  again 
contains  more  lead.  The  500-foot  level  contains  good  ore  for  a 
distance  of  800  feet  and  the  upraise  from  it  yields  much  solid  galena. 
Toward  the  end  of  the  200-foot  drift  north,  on  the  600-foot  level,  the 
vein  now  shows  about  as  follows  beginning  on  the  hanging-wall 
side :  Good  ore  with  quartz  coming  in  toward  hanging  wall,  2  feet  9 
inches ;  milky  quartz  waste,  8  inches ;  fair-grade  ore  with  bunches  or 
lenses  of  feldspar  and  quartz,  7  feet.  It  is  stated  that  the  tailings  on 
the  dump  contain  much  zinc  blende  which  can  be  recovered  by  con- 
centration. The  ore  is  shipped  to  the  smelter  at  Needles,  on  Colorado 
Eiver,  or  to  Deming,  in  southwestern  New  Mexico. 

Samoa  mine, — The  Samoa  mine  is  situated  3^  miles  east  of  Chlo- 
ride, near  the  crest  of  the  range,  at  an  elevation  of  about  ^^OQCS  ifc's^. 
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It  is  developed  to  a  depth  of  about  400  feet  by  tunnels,  shafts,  and 
drifts, .  aggregating  over  3,000  feet  of  underground  work.  It  pro- 
duces some  water.  The  principal  surface  improvements  are  two 
well-equipped  power  plants,  with  gasoline  engines,  aggregating  about 
90  horsepower,  for  operating  the  steam  and  air-compressor  drills 
and  the  hoists.  The  country  rock  is  principally  dark  medium- 
grained  biotite  granite  of  pre-Cambrian  (?)  age.  It  is  intruded 
by  the  light  aplitic  granite  near  by.  There  are  six  veins,  which 
strike  nearly  north  and  are  either  vertical  or  dip  steeply  to  the  east. 
Of  these  the  principal  producer,  known  as  No.  3,  is  about  4  feet  thick 
and  its  ore  shoot  ranges  from  1  to  30  inches  in  width.  The  ore  con- 
tains gold  and  silver,  some  galena,  pyrite,  zinc  blende,  and  here  and 
there  a  little  molybdenum.  As  shown  by  the  smelter  return  sheets 
from  1903  to  1906  inclusive,  it  averages  about  as  follows:  Gold,  1^ 
ounces;  silver,  15  ounces  per  ton;  lead,  8  per  cent;  and  zinc,  5  to  8 
per  cent.  The  total  production  has  been  about  $180,000.  The  pres- 
ent rate  of  output  is  about  90  tons  per  month.  The  ore  is  shipped 
principally  to  the  Needles  smelter. 

Towne  mine, — The  Towne  mine  is  situated  1\  miles  southeast  of 
Chloride,  in  the  Sacrapiento  Valley  about  one-half  mile  from  the 
base  of  the  mountains.  It  is  developed  by  six  shafts  and  drifts.  It 
produces  considerable  water.  The  country  rock  is  pre-Cambrian 
schist.  A  vogesite  dike  is  associated  with  the  vein  on  the  foot- wall 
side.     The  vein,  which  is  3  to  8  feet  wide,  dips  steeply  to  the  north. 

The  gangue  is  quartz  and  the  ore  shoot,  ranging  from  3  to  18  inches 
in  width,  averages  about  5  inches  and  favors  the  foot-wall  or  dike 
side  of  the  vein.  The  ore  contains  silver,  gold,  copper,  lead,  and  zinc 
and  runs  about  $200  per  ton  mostly  in  gold  and  silver.  The  produc- 
tion from  1882  to  1906  was  about  $100,000. 

Pinkhain  min-e. — The  Pinkham  mine,  perhaps  the  most  important 
copper  mine  of  the  region,  is  located  about  2  miles  southeast  of  Chlo- 
ride, near  the  foot  of  the  mountains.  It  is  developed  by  a  250-foot 
shaft  and  five  levels  containing  about  1,000  feet  of  drift  and  crosscuts. 
It  contains  considerable  water.  The  principal  surface  equipments 
are  a  steam  hoist  and  two  smelters,  one  coke  and  one  oil,  both  recently 
installed.  The  country  rock  is  pre-Cambrian  granite.  The  vein  is 
about  12  feet  in  width.  It  strikes  N.  30°  W.  and  is  nearly  vertical. 
The  ore  occurs  in  elongated  lentils  and  chimneys.  It  is  mostly  chal- 
copyrite  and  bornite  associated  with  iron  sulphide,  and  averages  about 
3  per  cent  of  copper  and  18  ounces  per  ton  of  silver. 

Midnight  mine, — In  the  Midnight  mine,  situated  near  the  Pinkham 
mine,  the  vein  is  less  well  defined  than  the  Pinkham  vein  and  con- 
tains considerable  zinc.  A  recent  carload  shipment  of  the  ore  ran 
silver  66  ounces  per  ton,  copper  4.5  per  cent,  and  gold  $2.50  per  ton. 
The  jDroduction  under  the  present  management  is  reported  to  be  100 
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tons  of  shipping  ore,  averaging  $50  per  ton,  and  2,000  tons  of  mill- 
ing ore,  containing  values  of  about  $10  per  ton. 

In  association  with  the  Pinkham  and  Midnight  deposits  or  cut- 
ting the  pre-Cambrian  rocks  near  by  are  microcline  granite  and  dia- 
base dikes. 

MINERAL    PARK    DISTRICT. 

General  outline. — ^The  Mineral  Park  district  lies  about  4  miles 
southeast  of  Chloride,  mainly  in  a  basin  several  miles  in  diameter, 
between  the  elevations  of  4,000  and  5,000  feet.  The  drainage  issues 
westward  into  the  Sacramento  Valley,  mostly  through  Mineral  Park 
Wash.  Chloride  is  the  principal  supply  point,  but  ore  and  heavy 
freight  are  hauled  direct  to  the  railroad  3  miles  west. 

The  first  locations  were  made  in  1870,  when  considerable  ore  was 
soon  taken  out  and  shipped  to  the  Selby  smelter  at  San  Francisco,  at 
a  cost  for  freight  of  $125  per  ton.  Production  continued  more  or 
less  active  until  1882,  since  which  time  it  has  been  small,  only  a  few 
of  the  mines  being  worked. 

The  pre-Cambrian  complex  is  here  intruded  by  the  Mineral  Park 
mass  of  aplitic  granite  and  by  dikes  of  rhyolite,  diabase,  and  minette. 
The  deposits  contain  gold,  silver,  lead,  and  copper,  which  usually 
occur  together,  mostly  in  fissure  veins  or  lodes,  some  of  which  are 
extensive.  The  mines,  numbering  about  20,  are  small.  Few  of  them 
exceed  300  feet  in  depth  or  1,000  feet  in  amount  of  underground 
work.  Some  of  the  principal  ones  are  the  Rural,  Buckeye,  Ark, 
Queen  Bee,  Tyler,  Keystone,  Fairchild,  Metallic,  Accident,  Lady 
Bug,  Standard,  and  Golden  Stari  The  most  important  producers 
at  present 'are  the  Keystone,  Tyler,  and  Queen  Bee. 

Keystone  mine. — The  Keystone  mine  is  situated  on  open  ground, 
about  one- fourth  mile  east  of  Mineral  Park.  It  is  developed  mainly 
by  a  450-foot  shaft  and  500  feet  of  drifts,  mostly  down  to  the  150- 
foot  level,  above  which  the  greater  part  of  the  ore  is  worked  out. 
The  principal  country  rock  is  aplitic  granite.  The  vein  dips  steeply 
to  the  north.  The  ore  occurs  mostly  as  lenses  about  1  foot  wide  in 
a  quartz  gangue.  It  contains  silver,  copper,  zinc,  and  iron,  the  bet- 
ter grade  running  200  ounces  per  ton  in  silver,  some  of  which  is 
glance;  2^  per  cent  of  copper;  8  or  10  per  cent  of  zinc;  and  about  12 
per  cent  of  iron.  Locally  it  is  irregularly  banded  toward  the  out- 
side of  the  lenses.  It  is  richest  where  the  vein  pinches.  The  ore 
averaging  $20  or  more  per  ton  is  shipped  to  the  Humboldt  smelter. 
None  lower  than  this  grade  is  handled.  The  output  is  about  20  tons 
per  month.  As  most  of  the  ore  runs  $12  to  $15  per  ton,  it  should 
be  milled  on  the  ground.     The  total  production  is  stated  to  be  $50,000. 

Tyler  mine. — The  Tyler  mine  is  located  2f  miles  southeast  of  Min- 
eral Park,  near  the  summit  of  the  range,  on  a  steep  northeast  slope. 
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It  is  <ieveloped  by  crosscut  tunnels  and  drifts,  mostly  within  a  verti- 
cal range  of  100  feet.  The  country  rock  is  sheared  pre-Cambrian 
biotite  granite.  The  vein  has  a  width  of  about  40  feet,  and  dips 
steeply  south  westward  into  the  mountain.  It  seems  to  consist  mainly 
of  an  altered  and  replaced  crushed  aplitic  granite  or  rhyolite  dike. 
The  values  favor  the  foot-wall  side  of  the  vein,  being  greatest  near 
its  contact  with  the  granite.  This  mine  produces  gold-silver-lead 
ore.  The  last  carload  shipment  made  at  the  time  of  the  writer's 
visit  averaged:  Gold  3.16  ounces  and  silver  8  ounces  per  ton,  and 
lead  17.5  per  cent. 

Rural  and  Buckeye  mines. — These  two  mines  are  located  in  the 
northeastern  part  of  the  Mineral  Park  district,  at  an  elevation  of 
about  5,000  feet.  They  are  but  a  few  hundred  feet  apart  and  are 
situated  on  the  same  vein,  the  Rural  being  on  the  west  and  the  Buck- 
eye on  the  east  side  of  the  same  gulch.  The  principal  developments 
in  the  Rural  consist  of  a  200-foot  shaft  and  about  100  feet  of  drift, 
and  in  the  Buckeye  of  750  feet  of  drift,  toward  the  face  of  which 
the  vein  is  faulted  off  to  the  north  by  a  lateral  throw  of  about  75 
feet.  The  Rural  shaft  contains  water.  The  vein  in  the  Rural  mine 
dips  southward  at  angles  of  about  80°,  but  in  the  Buckeye  it  dips 
to  the  north  at  angles  of  about  70°.  It  is  2  to  8  feet  thick  and  is 
associated  with  a  dike  of  the  aplitic  granite  intruded  into  the  country 
rock,  which  is  pre-Cambrian  schist.  It  locally  shows  a  4-inch  to 
20-inch  ore  shoot,  mostly  iron  and  copper  pyrites,  with  streaks  of 
arsenopyrite,  black  oxide  of  manganese,  and  some  chert  and  quartz, 
the  quartz  being  more  prominent  in  the  Buckeye  than  in  the  Rural. 
The  walls  are  generally  frozen.  The  ore  contains  silver,  gold,  and 
copper,  with  the  values  high  in  gold. 

Golden  Star  mine, — ^The  Golden  Star  (formerly  Lone  Star)  mine 
is  located  about  a  mile  northeast  of  Mineral  Park,  on  open  ground. 
It  produced  rich  sulphides  of  silver,  containing  gold  and  lead,  from 
1870  until  1902,  when  the  ore  seems  to  have  fallen  off  in  grade  and 
become  base  and  refractory.  The  mine  is  developed  principally  by 
a  shaft  300  feet  in  depth  and  two  levels,  with  600  feet  of  drift  on 
each  level.  The  ore  is  stoped  down  to  the  100- foot  level.  The  vein 
dips  steeply  to  the  south.  It  is  2  to  4  feet  in  width,  and  the  ore 
is  all  low  grade.    The  total  production  is  stated  to  be  $375,000. 

Ark  and  San  Antonio  mines, — ^The  Ark  mine,  located  about  2  miles 
southwest  of  Mineral  Park  at  the  west  base  of  the  mountains,  is 
developed  by  a  250-foot  shaft  and  three  levels,  comprising  about  1,300 
feet  of  workings.  It  produces  considerable  water.  The  vein,  which  is 
5  or  6  feet  in  width,  dips  steeply  to  the  northeast.  The  ore  is  of  a 
sulphide  character  and  contains  gold,  silver,  and  copper.  It  runs 
about  175  ounces  of  silver  and  3.15  ounces  of  gold  per  ton.  The 
production  is  about  $150,000.  Adjacent  to  the  Ark  mine  is  the  San 
Antonio,  which  has  produced  $75^000. 
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CEBBAT  DISTRICT. 


General  outline. — ^The  Cerbat  district,  an  area  about  4  miles  in 
diameter,  is  situated  south  of  the  Mineral  Park  district,  in  the  foot- 
hills at  an  elevation  of  3,500  to  5,000  feet,  3  miles  east  of  the  Arizona 
and  Utah  Eailroad.  It  has  produced  more  than  $2,000,000.  It  is 
dramed  principally  by  Cerbat  Wash,  which  leads  westward  into 
Sacramento  Vallev.  The  mines  north  of  this  wash  are  gold  bearing ; 
those  to  the  southVield  silver  and  lead.  The  principal  mines  are  the 
Golden  Gem,  Vanderbilt,  Champion,  Oro  Plata,  Paymaster,  Cerbat, 
New  London,  St.  Louis,  Flores,  and  Twins,  the  three  first  named 
being  among  the  most  important  present  producers. 

Golden  Gem  mine, — ^The  Golden  Gem  mine,  located  on  Cerbat 
Wash,  is  developed  principally  by  a  430-foot  shaft  and  four  levels 
comprising  1,200  feet  of  drift  and  stopes.  The  stoping  is  on  the  130- 
foot  level,  and  extends  166  feet  horizontally  and  from  62  to  81  feet 
vertically.  This  mine  yields  considerable  water.  The  vein  dips 
steeply  to  the  northeast.  It  ranges  from  6  to  14  feet  in  width,  and 
usually  carries  2  to  6^  feet  of  pay  ore  running  from  $10  upward  per 
ton.  The  values  favor  the  foot  wall.  The  gangue  is  quartz.  The 
ore  is  gold  ore  and  carries  also  silver,  locally  60  ounces  per  ton,  lead  5 
to  6  per  cent,  antimony  and  zinc  a  trace,  and  some  iron  pyrites.  The 
production  to  date  is  $190,000.  A  40-ton  mill  is  now  turning  out 
about  $350  worth  of  concentrates  a  day  from  ore  formerly  left  on  the 
dimip. 

Idaho  mine, — ^The  Idaho  mine  adjoins  the  Golden  Gem  on  the 
west,  and  the  ore  is  similar  to  the  Golden  Gem  ore.  The  mine  has 
been  worked  in  a  small  way  since  1871,  and  the  total  production  is 
reported  to  be  about  $200,000. 

Cerbat  mine, — ^The  Cerbat  mine,  located  about  a  mile  northeast  of 
the  Golden  Geim  mine,  is  200  feet  in  depth.  The  vein  is  4  to  10  feet 
thick,  and  Qie  total  production  is  stated  to  be  about  $300,000  in  gold 
and  silver. 

Paymaster  mine. — In  the  Paymaster  mine,  about  IJ  miles  north- 
east of  the  Golden  Gem  mine,  the  vein  dips  steeply  to  the  north.  The 
ore  contains  silver  and  gold,  runs  high  in  values,  and  carries  much 
ruby  silver.  The  production  to  date  is  said  to  be  $200,000.  Con- 
siderable water  is  found  in  this  mine. 

Oro  Plata  mine. — The  Oro  Plata  mine,  located  about  a  mile  north- 
east of  the  Paymaster  mine,  is  280  feet  deep  and  is  developed  by 
about  7,000  feet  of  underground  work.  It  produces  considerable 
water.  The  pre-Cambrian  country  rock  is  here  intruded  by  the 
aplitic  granite.  The  ore  values  are  chiefly  in  gold  and  sulphide  of 
silver,  with  locally  some  lead.  They  run  about  $37  per  ton.  The 
total  production  is  given  as  $500,000. 
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STOCKTON   HILL  DISTRICT. 

General  outline. — ^The  Stockton  Hill  district  joins  the  Cerbat  dis- 
trict on  the  east,  being  situated  on  the  opposite  slope  of  the  moun- 
tains, about  10  miles  north  of  Kingman.  It  is  about  4  miles  in  di- 
ameter and  ranges  from  8,500  to  5,500  feet  in  elevation.  It  is  gener- 
ally rough,  but  the  mines  are  all  accessible  by  wagon  roads,  in  the 
main  of  easy  grade.  The  drainage  issues  eastward  into  Hualpai 
Valley.  The  principal  camp  is  Stockton  Hill,  situated  in  the  eastern 
part  of  the  district.  The  veins  in  general  strike  northwestward. 
The  district  contains  about  10  mines,  of  which  the  principal  are  the 
Banner  Group,  Treasure  Hill,  Little  Chief,  Cupel,  Prince  George, 
De  la  Fontaine,  C.  O.  D.,  and  '63. 

Banner  Group  mine. — ^The  Banner  Group  mine  is  situated  near  the 
center  of  the  district.  It  is  developed  by  more  than  2,000  feet  of 
underground  work,  including  the  "  tunnel "  or  drift,  which  extends 
in  1,600  feet  on  the  vein.  The  vein  dips  steeply  to  the  northeast.  It 
is  6  to  8  feet  in  width,  and  the  ore  shoot  is  2  to  2^  feet  thick  and 
favors  the  foot- wall  side.  In  some  localities  the  ore  consists  of  pure 
galena,  but  usually  it  contains  gold,  silver,  zinc,  iron,  and  copper,  the 
gold  in  places  amounting  to  several  ounces  per  ton.  The  amount  of 
zinc  increases  in  the  deeper  north  portion  of  the  mine.  The  produc- 
tion is  reported  to  be  many  thousand  dollars  in  gold,  silver,  and  lead, 
the  zinc  thus  far  being  culled  and  left  on  the  dump.  The  ore  is 
shipped  to  the  Needles  smelter. 

Treasure  Hill  mine. — The  Treasure  Hill  mine  is  located  in  the  foot- 
hills in  the  southeastern  part  of  the  district.  It  is  developed  by  in- 
clined shafts  and  drifts,  and  yields  a  large  supply  of  good  water. 
The  veins,  six  in  number,  dip  steeply  to  the  northeast.  They  average 
about  5  feet  in  thickness  at  the  surface  and  widen  downward.  They 
are  associated  with  what  seems  to  be  a  small  stock  of  the  aplitic 
granite;  and  the  two  next  to  it  are  now  being  worked.  Tlie  ore  favors 
the  hanging  wall  and  occurs  in  shoots  100  to  200  feet  in  extent,  with 
intervening  clay  orlalcose  gouge  and  sulphides.  It  runs  about  100 
ounces  of  silver  and  $5  to  $16  in  gold  per  ton,  and  7  to  10  per  cent  of 
lead.    The  total  production  is  stated  to  be  $100,000. 

Cupel  mine. — ^The  Cupel  mine  is  situated  at  Stockton  Hill  camp. 
It  is  now  being  reopened  and  an  excellent  200-ton  mill  and  plant  of 
the  Joplin  type  have  just  been  installed.  It  is  developed  to  a  depth 
of  400  feet,  principally  by  shafts,  drifts,  and  stopes,  and  is  said  to 
yield  about  25,000  gallons  of  water  per  day.  It  is  located  on  three 
veins,  whose  general  trend  is  northerly.  The  ore  in  general  contains 
ruby  and  horn  silver,  together  with  black  sulphide  of  silver,  but  in 
some  places  is  rich  in  high-grade  galena  and  carries  about  $5  per  ton 
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in  gold.    About  2,000  tons  of  ore  said  to  run  from  $6  to  $7  per  ton  lie- 
on  the  dump.    The  production  to  date  is  reported  to  be  about  $500,000. 

Prince  George  mine. — ^The  Prince  Ge^orge  mine,  located  about  one- 
fourth  mile  southeast  of  the  Cupel  mine,  is  developed  by  a  180-foot 
shaft  and  drifts,  and  is  said  to  yield  about  2,000  gallons  of  water  a 
day.  The  vein  dips  steeply  to  the  north  and  is  about  12  feet  thick. 
The  total  production  is  about  $100,000. 

De  la  Fontaine  mine. — ^The  De  la  Fontaine  mine,  located  at  the 
west  side  of  the  district,  on  the  crest  of  the  range,  is  400  feet  deep, 
and  comprises  about  1,400  feet  of  drift.  The  vein  is  7  to  10  feet  in 
width,  and  dips  steeply  to  the  north.  The  ore  runs  about  35  per  cent 
in  lead  and  zinc,  and  contains  some  gold.  Grood  ore  bodies,  2  to  4  feet 
thick  and  of  considerable  extent,  are  blocked  out  in  the  lower  300  feet 
of  the  mine. 

^63  mine. — The  '63  mine,  located  in  the  southern  part  of  the  district, 
is  200  feet  deep  and  is  stated  to  have  produced  a  total  of  $500,000, 
mostly  in  rich  silver  ore. 

Little  Chief  mine, — ^The  Little  Chief  mine,  located  one- fourth  mile 
west  of  Stockton  Hill  camp,  is  about  100  feet  deep  and  contains  about 
1,000  feet  of  underground  work.  The  vein,  supposed  to  be  one  of  the 
veins  of  the  Treasure  Hill  mine  already  described,  dips  steeply  to  the 
northeast.  The  production,  amounting  to  many  thousand  dollars,  is 
all  shipping  ore,  averaging  in  silver  about  350  ounces  and  in  gold  5 
to  10  ounces  per  ton,  with  8  to  40  per  cent  of  lead. 

C.  O.  D.  mine. — ^The  C.  O.  D.  mine,  located  2J  miles  north  of  Stock- 
ton Hill  camp,  in  the  upper  part  of  C.  O.  D.  Gulch,  is  developed  by  a 
shaft  400  feet  deep,  drifts,  and  stopes,  on  and  between  two  main  and 
two  subordinate  levels,  aggregating  in  all  about  2,500  feet  of  under- 
ground work.  The  principal  surface  equipments  consist  of  a  50-ton 
concentrating  mill  and  engines.  The  vein  dips  steeply  northward, 
and  is  about  7  feet  thick.  The  ore,  whose  principal  value  is  in  silver, 
runs  about  as  follows :  Silver,  160  ounces  per  ton ;  gold,  2  ounces  per 
ton;  lead,  12  per  cent;  with  some  zinc  and  a  little  copper.  Except  the 
low-grade  ore,  it  is  mostly  worked  out  for  a  distance  of  about  400 
feet  on  either  side  of  the  main  shaft,  beyond  which  good  ore  is  re- 
ported. The  mine  closed  down  late  in  1904  and  is  now  full  of  water. 
The  total  production  is  reported  and  in  part  verified  by  smelter  return 
sheets  to  be  $1,300,000,  that  of  silver  alone  amounting  to  about 
$1,000,000. 

GOLD  BASIN  DISTBICT. 

The  Gold  Basin  district  is  situated  in  the  eastern  part  of  the  White 
Hills,  in  the  Gold  Basin  mining  district.  It  extends  over  a  hilly  area 
about  6  miles  in  diameter,  sloping  and  draining  to  Hualpai  Wash  on 
the  east,  and  ranges  from  2,900  to  5,000  feet  in  elevation.    The  water 
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supply  is  scanty.  The  nearest  railway  station  is  Hackberry,  40  miles 
to  the  south. 

The  deposits  are  mainly  fissure  veins  in  the  pre-Cambrian  grani- 
toid rocks.  They  dip  southeastward  or  northwestward,  mainly  at 
angles  of  40°  to  70°.  The  gangue  is  quartz,  and  the  metal  is  gold, 
mostly  free-milling,  but  it  is  locally  associated  with  lead  or  copper, 
copper  stain  being  a  good  index  of  gold  values. 

The  principal  mines  are  the  Eldorado,  Excelsior,  Grolden  Eule,  Jim 
Blaine,  Never-get-left,  O.  K.,  and  Cyclopic.  They  are  developed 
chiefly  by  shafts  (some  250  feet  deep),  drifts,  and  tunnels.  The  pro- 
duction of  the  district  is  given  as  about  $100,000,  of  which  about 
$65,000  came  from  the  Eldorado  mine  and  $25,000  from  the  O.  K. 

WHITE  HILLS  DISTRICT. 

The  White  Hills  district,  about  2  miles  in  diameter,  is  a  part  of 
the  Indian  Secret  mining  district.  It  lies  28  miles  north  of  Chloride, 
in  the  western  border  of  the  White  Hills,  at  an  elevation  of  3,000 
feet.  It  drains  westward  into  Detrital  Valley,  and  the  camp.  White 
Hills,  is  situated  in  the  main  wash  in  the  southern  part  of  the  district. 
The  country  rock  is  pre-Cambrian  granitoid  gneiss.  It  dips  east- 
ward and  is  flanked  or  overlain  on  the  east  by  the  Tertiary  volcanic 
rocks,  which  in  turn  are  capped  by  younger  basalt. 

The  deports  are  quartz  veins,  some  of  which  are  blanket  veins. 
They  are  about  5  feet  in  average  width,  and  dip  to  the  northeast  at 
angles  of  20®  to  70°.  The  ore  is  mostly  silver  chloride,  much  of  it 
horn  silver,  with  local  values  in  gold. 

The  developments,  some  of  which  extend  nearly  1,000  feet  in  depth, 
consist  of  inclines,  shafts,  and  drifts,  aggregating  probably  more 
than  10,000  feet.  A  plentiful  supply  of  good  water  is  usually  reached 
at  the  depth  of  400  to  600  feet.  The  district  contains  12  or  15  mines, 
of  which  the  most  important  are  situated  within  three-fourths  of  a 
mile  of  the  camp,  but  only  a  few  of  the  smaller  ones,  located  in 
the  northern  part  of  the  district,  are  now  worked.  The  camp  has 
a  well-equipped  40-stamp  mill.  Mineral  was  first  discovered  here 
in  1892  and  the  camp  soon  reached  its  zenith,  with  a  population  of 
about  1,200,  but  has  been  almost  deserted  since  the  decline  in  the 
market  value  of  silver.  The  total  production,  which  is  known  to  be 
large,  is  reported  to  be  about  $3,000,000. 

M*CONNICO  DISTRICT. 

The  McConnico  district  is  situated  about  6  miles  southwest  of 
Kingman,  east  of  McConnico  station  on  the  Santa  Fe  Eailway,  in 
the  border  of  Sacramento  Valley  and  the  adjacent  foothills  and 
scarp  of  Kingman  Mesa,  between  the  elevations  of  2,800  and  3,500 
feet.    It  trends  north  and  south  and  has  a  length  of  about  4  miles. 
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The  country  rock  is  pre-Cambrian  granite,  which  in  the  valley 
portion  of  the  district  is  covered  by  wash  debris. 

The  ore  deposits  are  contained  principally  in  gold-bearing  pegma- 
tite dikes  and  shear  zones,  cutting  the  granite  in  a  northerly  direc- 
tion and,  in  some  places,  associated  with  later  basic  intrusives.  The 
principal  deposits  are  those  of  the  Bimetallic  mine,  the  McKesson 
Group,  and  the  Boulder  Creek  Group. 

MAYNARD  DISTRICT. 

The  Maynard  district  is  an  indefinite  area  in  the  Hualpai  Moun- 
tains, 10  miles  or  more  southeast  of  Kingman,  in  which  strong  and 
persistent  veins,  similar  to  those  in  the  Cerbat  Mountains,  occur, 
mostly  in  pre-Cambrian  red  granite.  Among  the  most  important  of 
these  veins  are  the  American  Flag,  Enterprise,  Great  Eastern  Group, 
and  Siamese  Group.  The  ore  shoots,  usually  rich,  range  from  an 
inch  to  3  feet  m  thickness.  The  ore  is  principally  horn  silver,  but 
that  of  the  Siamese  Group  is  promising  in  copper.  Water  can  be 
derived  from  most  of  the  mines  and  pine  timber  suitable  for  mining 
grows  near  by. 

Other  metals  reported  to  occur  in  the  Hualpai  Mountains  are 
molybdenite,  found  in  association  with  copper,  and  native  quicksilver, 
associated  with  lead  carbonate.  Just  beyond,  in  the  Aquarius  Eange, 
about  50  miles  from  Kingman,  is  a  tungsten  mine  which  annually 
produces  25  tons  of  tungsten  ore,  worth  $400  per  ton  at  Kingman, 
whence  it  is  shipped. 

GRAND  WASH  CLIFFS. 

The  principal  districts  in  the  Grand  Wash  Cliffs  are  Music  Moun- 
tain and  Lost  Basin. 

MUSIC   MOUNTAIN   DISTRICT. 

The  Music  Mountain  district,  about  3  miles  in  diameter,  lies  about 
25  miles  north  of  Hackberry,  in  the  foothills  of  the  range,  between 
3,000  and  4,000  feet  in  elevation.  The  country  rock  is  the  pre-Cam- 
brian (?)  granitoid  complex  and  it  is  intruded  by  dikes  and  masses, 
mostly  basic. 

The  deposits  occur  in  several  quartz  fissure  veins,  which  dip  steeply 
to  the  northeast.  The  most  important  is  the  Ellen  Jane  vein,  about  4 
feet  in  average  width,  on  which  the  Ellen  Jane  mine  is  located.  This 
mine  is  developed  principally  by  a  main  shaft  200  feet  deep  and  two 
levels,  containing  about  300  feet  of  drifts,  and  by  600  feet  of  adit 
drifts.  It  produces  about  5  barrels  of  potable  water  per  day.  The 
ore  shoot  is  from  4  to  6  inches  thick  and  the  ore  is  said  to  run  $200 
to  $300  in  gold  per  ton. 
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LOST  BASIN  DISTBICT. 

The  Lost  Basin  district  lies  in  the  northern  part  of  the  region, 
between  Hutilpai  Wash  on  the  west  and  Pierce  Mill  Canyon  on  the 
east. 

The  principal  deposits  are  located  about  7  miles  northeast  of  Gold 
Basin,  between  2,000  and  3,000  feet  in  elevation.  They  trend  east 
and  west  and  extend  for  about  6  miles.  They  occur  principally  in 
the  pre-Cajnbrian  rocks,  in  quartz  fissure  veins, 'of  which  there  are 
two  sets.  Those  on  the  west  trend  northward,  with  a  steep  easterly 
dip,  and  are  principally  gold  bearing;  those  on  the  east  trend  west- 
northwestward  and  are  chiefly  copper  bearing.  The  nearest  water 
supply  is  Colorado  River  at  Scanlon  Ferry,  7  miles  to  the  north. 

BLACK  MOlTNTAIirS. 
INTRODUCTION. 

The  deposits  of  the  Black  Mountains,  as  stated  elsewhere,  differ 
markedly  from  those  of  the  Cerbat  Range,  in  that  they  occur  chiefly 
in  the  Tertiary  volcanic  rocks.  Their  gangue  is  chiefly  calcite  or 
calcite  replaced  by  quartz  and  adularia;  they  are  deeply  oxidized 
and,  as  a  rule,  contain  no  sulphides;  and  their  values  are  almost  ex- 
clusively gold,  there  being  usually  no  base  metals  present. 

The  districts  in  the  Black  Mountains,  named  from  north  to  south, 
are  the  Eldorado  Pass,  Gold  Bug,  Mocking  Bird,  Virginia,  Pilgrim, 
Union  Pass,  Gold  Road,  Vivian,  and  Boundary  Cone.  Of  these  the 
most  important  is  the  Gold  Road  district.  The  two  first  named  are 
in  the  Eldorado  Pass  Mining  District,  the  next  two  are  in  the  Weaver 
mining  district,  and  the  Gold  Road  and  Vivian  in  the  San  Francisco 
mining  district. 

ELDORADO  PASS  DISTRICT. 

The  Eldorado  Pass  district,  an  area  about  2  miles  in  diameter,  is 
located  west  of  White  Hills  at  Eldorado  Pass  on  the  road  leading 
to  Eldorado  Canyon,  at  an  elevation  between  2,500  and  3,000  feet. 

The  topography  is  one  of  gentle  relief.  The  country  rock  is  the 
pre- Cambrian  granite,  and  it  is  intruded  and  locally  overlain  by  the 
Tertiary  volcanic  rocks.  The  principal  properties  are  the  Burrows, 
Bagg,  Young,  and  Pauly.  They  are  in  the  prospect  stage,  but  have 
produced  some  gold,  the  production  of  the  Burrows  being  reported 
to  be  about  $10,000.  The  metals  of  the  three  first  named  are  gold 
and  silver  in  quartz  veins,  and  the  Pauly,  which  seems  to  be  at  the 
ccMitact  between  the  granite  and  the  volcanic  rock,  contains  princi- 
pally copper. 

GOLD   BUG   DISTRICT. 

The  Gold  Bug  district  is  situated  near  the  summit  of  the  range 
about  3  miles  south  of  Eldorado  Pass.    The  only  mine  is  the  Gold 
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Bug  mine,  which  is  developed  by  several  shafts  and  drifts  to  the 
depth  of  300  feet. 

The  deposits  consist  chiefly  of  two  main  veins  situated  about  22  feet 
apart  in  minette  or  andesitic  tuff  similar  to  that  at  the  Mocking  Bird 
mine.  (See  below.)  The  veins  dip  steeply  to  the  northeast.  The  ore 
is  ridi  gold-bearing  quartz  with  a  little  silver.  It  favors  the  hang- 
ing wall,  where  in  part  it  is  associated  with  a  diorite  (?)  dike.  The 
production  of  both  shipping  and  milling  ore  has  been  considerable, 
and  much  ore  is  said  to  remain  in  the  mine. 

MOCKING   BIRD   DISTRICT. 

General  outline. — The  Mocking  Bird  district  lies  25  miles  north- 
west of  Chloride  in  a  reentrant  parallel  side  valley  in  the  east  foot- 
hills of  the  range,  at  elevations  between  3,000  and  4,000  feet.  The 
valley  is  bounded  on  the  east  by  a  spur  of  volcanic  rocks  extending 
in  a  northerly  direction  from  the  flank  of  the  range.  The  district 
trends  north  and  south;  it  has  a  length  of  about  5  miles  and  a 
width  of  about  2^  miles.  It  is  hilly  on  the  south  but  open  on  the 
north,  merging  with  the  Sacramento  Valley,  which  receives  its  drain- 
age. Water  is  scarce,  but  some  is  encountered  in  the  mines.  The 
principal  mines  are  the  Mocking  Bird,  Hall,  Great  West,  and  Poca- 
hontas.   The  Mockmg  Bird  and  Hall  are  now  producing. 

Mocking  Bird  mine, — The  Mocking  Bird  mine  is  situated  in  the 
open  northern  portion  of  the  district.  Its  principal  developments 
are  12  or  15  shafts,  ranging  from  25  to  60  feet  in  depth,  and  about 
600  feet  of  drift.  The  vein  lies  nearly  flat  in  a  local  sheet  or  flat- 
lying  dike  of  oxidized  and  schistose  minette  or  andesitic  tuff.  It 
is  about  6  feet  thick  and  consists  of  red  and  green  quartz  and 
breccia.  The  metal  is  gold  with  a  small  amount  of  silver.  The 
gold  occurs  in  a  finely  divided  state,  usually  associated  with  hematite, 
of  which  considerable  is  present.  The  ore  averages  about  $10  per 
ton.  The  production  to  date  is  reported  to  be  upward  of  $20,000; 
several  times  this  amount  of  ore  is  blocked  out  in  the  mine  and 
valuable  tailings  are  now  on  the  dump. 

Hall  mine, — The  remaining  mines  are  situated  near  together  in 
the  low  foothills  of  pre-Cambrian  granite  in  the  southern  part  of  the 
district.  The  veins  here  all  dip  steeply  to  the  north.  The  Hall  mine, 
which  works  the  most  northerly  of  the  veins,  is  developed  princi- 
pally by  a  210-foot  shaft  and  two  levels,  containing  about  200  feet 
of  drift.  The  vein  ranges  in  thickness  from  a  few  inches  to  2  feet, 
and  is  locally  associated  with  diabase  dikes.  The  gangue  is  quartz, 
some  being  of  the  honeycomb  variety.  Some  of  the  ore  is  very  rich, 
shows  free  gold,  and  is  said  to  contain  values  of  $10,000  and  upward 
per  ton.    A  24-ton  mill  is  operated  at  the  mine. 
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Great  West  mine, — The  Great  West  mine  is  developed  principally 
by  adit  drifts,  shafts,  crosscuts,  and  winzes  to  a  depth  of  more  than 
200  feet.  The  vein  is  approximately  3  feet  thick  and  consists  essen- 
tially of  gold-bearing,  iron-stained,  oxidized  quartz,  reported  to  run 
from  $10  to  $80  per  ton. 

Pocahontas  mine. — ^The  Pocahontas  mme  is  developed  by  a  shaft 
and  drifts  to  the  depth  of  200  feet,  and  a  new  cyanide  mill  has  re- 
cently been  built  to  replace  the  stamp-amalgamation  mill  formerly 
used.  The  value  of  the  ore  is  in  gold,  which  occurs  mainly  in  white 
iron  sulphides  contained  in  a  somewhat  stained  and  crushed  quartz 
gangue. 

VIRGINIA    DISTRICT. 

The  Virginia  district,  about  3  miles  in  diameter,  lies  25  miles  west- 
northwest  of  Chloride,  near  the  middle  of  the  west  slope  of  the 
Black  Mountains,  5  miles  east  of  Colorado  River  and  nearly  opposite 
the  Searchlight  district,  Nevada,  at  an  elevation  of  about  1,500  feet. 

The  country  rock  consists  of  the  Tertiary  volcanic  rocks  with  rhy- 
olite  and  green  chloritic  andesite  most  abundant.  The  veins  dip  south- 
westward,  usually  have  a  calcite  gangue,  and  locally  grade  into  the 
country  rock.  The  Red  Gap  vein,  however,  consists  of  more  or  less 
brecciated  quartz,  probably  with  adularia.  It  is  similar  to  that  in  the 
Gold  Road  mine,  and  carries  good  values. 

The  ore  of  the  district  is  mostly  free-milling  gold.  It  averages 
about  $7  to  $8  per  ton,  and  the  best  values  are  associated  with  specks 
of  hematite  distributed  throughout  the  gangue,  as  in  much  of  the  ore 
in  the  Union  Pass  and  Gold  Road  districts. 

PILGRIM    DISTRICT. 

The  Pilgrim  district,  which  is  about  2  miles  in  length  and  trends 
northwestward,  lies  9  miles  west  of  Chloride,  in  the  eastern  foothills 
of  the  range,  at  an  elevation  of  about  3,600  feet.  The  country  rock 
is  principally  rhyolite  and  granite  porphyry.  The  main  opening  is 
the  Pilgrim  mine,  on  the  northwest.  This  mine  is  situated  on  a  con- 
tact vein  of  quartz,  with  a  little  adularia,  and  rhyolite  breccia,  with 
trachytic  rhyolite  forming  the  hanging  wall  and  granite  porphyry 
the  foot  wall.  It  is  developed  by  inclined  shafts,  two  levels,  and 
drifts  to  a  depth  of  360  feet,  and  oxidation  extends  to  the  bottom  of 
the  mine.  The  vein  is  about  20  feet  thick  and  about  half  a  mile  in 
length.  It  dips  to  the  west  at  an  angle  of  about  30°.  The  ore  is 
reported  to  average  about  $8  in  gold  per  ton,  the  gold  occurring  free. 
Twelve  tons  of  $100  ore  are  reported  to  have  been  shipped  and  about 
1,000  tons  of  $6  to  $7  ore  lie  on  the  dumps. 

UNION    PASS    DISTRICT. 

General  outline. — ^The  Union  Pass  district  lies  about  30  miles  west 
<?/  Kingmnn,  on  the  west  slope  of  the  range.     It  extends  from  Union 
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Pass  westward  to  Colorado  River  at  Pyramid,  a  distance  of  13  miles, 
and  has  a  width  of  about  3  miles.  It  ranges  in  elevation  from  4,000 
feet  on  the  east  to  600  feet  on  the  west.  The  topography  is  rough 
and  mountainous  on  the  east,  with  low  hills,  broad,  open  washes,  and 
gravel-covered  areas  sloping  toward  the  river  on  the  west.  The  water 
supply  is  scanty  except  near  the  river.  On  the  east  it  consists  of  a 
few  springs  or  shallow  wells  in  the  mountains. 

The  country  rock  on  the  northwest  and  on  the  south  is  essentially 
the  pre-Cambrian  complex,  which,  in  the  remainder  of  the  district, 
is  more  or  less  deeply  buried  by  heavy  deposits  of  the  Tertiary  vol- 
canic rocks,  consisting  principally  of  rhyolite.  On  the  west  the 
deposits  are  fissure  veins  in  the  pre-Cambrian  granite.  On  the  east 
they  are  found  chiefly  along  or  near  the  contact  of  the  rhyolite  and 
granite ;  locally  associated  with  diabase,  a  later  intrusive ;  and  in  con- 
junction with  one  or  more  of  these  intrusives  along  fault  planes. 
They  occur  in  the  form  of  fissure  veins  or  lodes,  blanket  veins,  and 
irregular  bodies.  The  mineral  deposits  were  probably  formed  by 
circulating  hot  solutions  which  accompanied  and  followed  the  inva- 
sion of  the  intrusives,  especially  the  rhyolite.  The  most  important  of 
the  deposits  in  the  eastern  part  of  the  region  trend  northwestward 
and  those  in  the  western  part  northeastward;  those  intermediate  in 
position   vary  between  these  two  directions.    The  metal   is  gold. 

The  prevailing  gangue  is  calcite,  which  locally  is  associated  with, 
gives  way  to,  or  is  replaced  by  quartz  and  adularia. 

The  western  part  of  the  district  has  produced  considerable  ore, 
the  most  of  which  has  come  from  the  Sheep  Trail,  Boulevard,  and 
Katherine  mines. 

Katherine  mine. — ^The  Katherine  mine  is  situated  IJ  miles  east  of 
the  river  and  about  450  feet  above  it  on  an  open,  gravel-covered  slope 
in  the  pre-Cambrian  granitoid  gneiss.  The  lode  is  about  75  feet  in 
width,  trends  N.  64°  E.,  and  to  judge  from  outcrops  in  alignment, 
may  have  an  extent  of  nearly  5  miles.  In  the  mine  it  shows  faulting 
and  slickensiding. 

The  ore  on  the  whole  resembles  that  of  the  Gold  Road  mine  (see 
below)  and  consists  mainly  of  fine-grained  quartz  and  adularia, 
mostly  replacing  calcite.  The  greater  portion  is  of  low  grade,  rang- 
ing in  value  from  $6  to  $7  per  ton  ;*  but  toward  the  north  it  contains  a 
rich  streak  said  to  run  $200  to  $300.  The  ore  is  treated  at  the  Sheep 
Trail  mill.  Pyramid.    About  5,000  tons  have  been  produced. 

GOLD  ROAD  DISTRICT. 

General  outline. — The  Gold  Road  district  lies  about  24  miles  south- 
west of  Kingman.  It  extends  from  Meadow  Creek  on  the  east  slope 
of  the  range  northwestward  to  the  Moss  and  Golden  Star  mines, 
about  6  miles  beyond  the  crest.    It  has  a  length  of  about  10  miles 
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aM  a  width  of  about  4  miles.  It  lies  mainly  on  the  west  slope,  and 
r^aiiges  in  elevation  from  2,000  feet  on  the  west  to  4,600  f eet  41J;  the 
to^  of  the  range.  The  range  portion,  which  is  about  3  miles  in  width, 
feil^ugged,  particularly  on  the  west,  being  marked  by  precipitous* ault 
scarps,  deep  gulches  and  canyons.  The  remainder  consists  mainly  of 
low  rounded  mountains  or  hills,  open  washes,  and  gravel-covered 
gentle  slopes  or  mesas.  On  the  east  the  drainage  flows  by  way  of 
Meadow  Creek  into  Sacramento  Valley  and  on  the  west  through  Sil- 
ver Creek  into  Colorado  River. 

The  principal  country  rock  in  the  eastern  or  range  portion  of  the 
district  consists  of  Tertiary  volcanic  rocks;  on  the  west  appear  also 
local  areas  of  the  pre-Cambrian  complex  and  intrusive  quartz  syenite 
porphyry,  in  places  covered  by  sheets  of  gravel.  The  deposits  are 
chiefly  gold-bearing  fissure  veins  or  lodes.  They  occur  in  the  undif- 
ferentiated volcanic  rocks,  the  green  chloritic  andesite,  and  the 
quartz  syenite  porphyry,  described  under  "  Geology,"  and  also  along 
certain  of  their  contacts,  where  rhyolite  is  usually  the  intrusive. 
They  number  about  a  dozen  and  consist  of  two  main  types — ^those  in 
which  the  gangue  is  chiefly  quartz  and  adularia  and  those  in  which  it 
is  chiefly  calcite.  The  former  occur  mostly  in  the  undifferentiated 
volcanic  rocks  and  have  a  general  northwesterly  trend;  the  latter 
occur  mainly  in  the  green  chloritic  andesite  and  trend  northward. 
The  most  important  of  the  former  type  is  the  Gold  Road  vein ;  of  the 
latter  the  Pasadena  and  Mossback  veins. 

Gold  Road  mine. — The  Grold  Road  mine,  the  most  important  in 
the  district,  is  situated  at  Gold  Road,  on  the  western  rugged  slope 
of  the  range  about  1  mile  below  the  crest,  at  an  elevation  of  about 
2,900  feet.  It  is  developed  principally  by  a  ma,in  shaft  and  seven 
levels,  aggregating  about  2,000  feet  of  drift,  to  the  depth  of  700  feet, 
and  most  of  the  ore  has  been  mined  for  a  distance  of  about  150  feet 
on  either  side  of  the  shaft.  The  mine  is  located  on  the  western  part 
of  the  Gold  Road  vein,  which  extends  eastward  to  the  crest  of  the 
range,  a  distance  of  more  than  a  mile.  The  vein  lies  mostly  in  a 
deeply  cut  gulch.  Its  croppings  range  in  elevation  from  2,800  feet 
on  the  west  to  4,100  feet  on  the  east.  It  strikes  N.  50°  W.  and  dips 
northward  at  angles  of  about  80°.  It  is  strongest  on  the  west,  where, 
as  developed  in  the  mine,  it  is  about  10  feet  thick,  is  locally  enriched 
by  oblique  stringers  on  the  hanging-wall  side,  and  is  usually  in  sharp 
contact  with  well-defined  walls  of  the  country  rock,  consisting  of 
andesite,  trachyte,  latite,  and  rhyolite. 

The  ore  is  nearly  all  milling  ore  and  runs  about  $10  in  gold  per  ton. 
It  consists  chiefly  of  fine-grained,  light-colored,  in  places  greenish 
quartz,  which  has  a  peculiar  chalcedonic  or  drusy  appearance  and  in 
which  the  gold  is  finely  disseminated.  Adularia  is  commonly  inter- 
grown  with  the  quartz,  and  it  is  very  probable  that  these  minerals  re- 
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place  calcite,  which  is  present  in  varying  quantities.    As  a  rule  no 
sulphides  are  present,  and  but  little  limonite. 

The  gold  is  extracted  on  the  grounds  by  milling  and  cyaniding. 
The  ore  is  crushed  in  solution  and,  owing  to  its  oxidized  condition, 
is  easily  milled  and  treated,  25  per  cent  of  the  gold  being  liberated 
in  i^p  or  three  hours  and  85  per  cent  in  ten  hours.  The  plant  used 
consf^  of  six  Huntington  mills  having  a  total  capacity  of  more^  than 
200.|ons  per  day.  The  present  rate  of  output,  however,  is  aboUstlSO 
toniKper  day,  one  mill  being  usually  held  in  reserve. 

T^b^  principal  source  of  the  power  used,  amounting  to  about  700 
horsepower,  is  California  fuel  oil,  freighted  by  wagon  from  King- 
man. The  ore  is  now  mined  at  a  cost  of  $2.50  to  $3  per  ton,  or  mined 
and  milled  for  about  $5  per  ton,  allowing  $8  ore  to  be  handled  with 
good  profit.  With  the  installation  of  cheaper  power,  ore  of  much 
lower  grade  might  be  worked. 

The  production  to  the  end  of  1906  was  large,  and  is  reported  to 
have  been  considerably  in  excess  of  $1,000,000,  nearly  all  of  which 
was  produced  during  1905  and  1906.  Besides  the  output  of  the  Gold 
Boad  mine,  nearly  $1,000,000  is  reported  to  have  been  produced  from 
work  done  at  several  other  points  on  the  vein,  especially  on  the  Billy 
Bryan  claim,  about  half  a  mile  southeast  of  the  Gold  Road  mine. 
This  makes  the  total  production  of  the  Gold  Road  vein  more  than 
$2,000,000.  It  is  stated  that  at  the  close  of  1906  there  were  also  in 
sight  120,000  tons  of  ore  running  about  $11  per  ton. 

The  camp  has  a  population  of  about  350,  of  which  the  mine  em- 
ploys 180  men.  It  is  equipped  with  modern  improvements,  is  well 
kept,  and  is  plentifully  supplied  with  excellent  water  pumped  from 
the  east  slope  of  the  range.  The  mine  also  produces  about  12  gal- 
lons of  water  per  minute. 

Pasadena  mine. — ^The  Pasadena  mine  is  situated  1^  miles  west  of 
Gold  Road,  on  open  ground.  It  is  developed  principally  by  a  main 
shaft  300  feet  deep  and  three  levels  containing  about  100  feet  of 
drift.  The  country  rock  is  the  green  chloritic  andesite.  It  is  in- 
traded  by  rhyolite  and  basic  rocks,  all  seemingly  older  than  the  vein. 
The  vein  or  lode  dips  westward  at  angles  of  about  70°.  It  is  from 
10  to  140  feet  in  width  and  has  a  known  extent  of  more  than  a  mile. 
It  consists  essentially  of  calcite  and  quartz,  the  quartz  increasing 
with  depth.  Some  of  it  is  of  the  Gold  Road  type,  and  this  carries 
the  best  values. 

In  the  main  ore  body,  which  ranges  in  width  from  4  to  10  feet,  the 
ore  is  reported  to  average  about  $10  per  ton  and  is  excellent  cyaniding 
ore. 

Mossback  mine, — ^The  deposit  of  the  Mossback  mine,  situated  about 
3  miles  north-northwest  of  Gold  Road,  in  open  country  near  the  foot 
of  the  range,  is  geologically  and  miner alogicallj  ^AxwAajt  \jCi  ^Js^aX,  ^^t'^C^^ 
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Pasadena  mine.  The  mine  is  developed  to  the  depth  of  320  feet  and 
yields  considerable  water.  The  vein  is  about  23  feet  wide  and  the 
main  ore  shoot  is  about  12  feet  wide.  About  900  tons  of  medium- 
grade  milling  ore,  said  to  run  from  $5  to  $100  per  ton  in  gold,  lie 
on  the  dump. 

Moss  mine. — ^The  Moss  mine  lies  about  4  miles  northwest  of  Gold 
Road,  on  the  southeast  slope  of  a  group  of  outlying  hills.  It  is  devel- 
oped by  a  230- foot  shaft  and  600  feet  of  tunnel  and  crosscuts.  The 
vein  consists  mainly  of  calcite  and  a  small  amount  of  quartz.  It  is 
about  20  feet  thick,  aitd  extends  for  more  than  half  a  mile.  It  is  in 
the  quartz  syenite  porphyry,  and  dips  steeply  southward,  with  fault 
breccia  on  its  foot  wall. 

The  total  production  is  reported  to  be  about  $500,000  in  gold, 
nearly  all  of  which  was  obtained  near  the  surface,  about  one-half  from 
an  excavation  about  10  feet  in  diameter  and  depth.  It  occurred 
mostly  as  incrustations,  flakes,  beads,  and  nuggets  associated  with 
quartz  and  hematite,  and  represents  a  local  concentration,  for  deeper 
work  shows  the  vein  to  consist  of  a  large  body  of  low-grade  ore, 
much  of  it  running  about  $4. per  ton. 

Golden  Star  group. — ^The  Golden  Star  group,  including  "  Meals 
ledge,"  an  outlying  lode  on  the  east,  comprises  seven  or  eight  proper- 
ties mainly  in  the  prospect  stage.  It  lies  in  open 'country  in  the  north- 
western part  of  the  district,  extending  from  a  point  near  the  Moss 
mine  northward  to  Cottonwood  Wash,  a  distance  of  about  2  miles. 

Miller  mine. — ^The  Miller  (formerly  Hardy)  mine  is  situated  two 
miles  northwest  of  Gold  Road,  on  Silver  Creek,  on  the  northeast  slope 
of  the  Hardy  Mountains,  an  outlying  group.  It  is  developed  by  two 
shafts  (to  a  depth  of  289  feet)  and  contains  800  feet  of  drift,  tunnels, 
and  crosscuts.  The  country  rock  is  the  quartz  syenite  porphyry,  into 
which  rhyolite  is  intruded  near  by. 

The  mine  is  located  on  the  north  end  of  the  Hardy  vein,  which  dips 
steeply  to  the  north.  The  vein  is  about  30  feet  wide  and  extends  about 
4  miles.  The  Jack  Pot,  Homestake,  and  Navy  Group  mines  are  also 
located  on  or  near  it.  It  is  composed  mostly  of  quartz,  probably  with 
adularia,  and  contains  some  associated  green  fluor  spar.  The  ore 
carries  gold,  but  it  contains  more  silver  than  that  at  any  other  mine 
in  the  district,  and  is  stated  to  average  on  the  whole  about  $5  per  ton. 
In  the  Navy  Group  mine,  however,  2  miles  farther  west,  it  is  said  to 
range  from  $8  to  $30.  The  production  to  date  is  reported  to  be  about 
$100,000. 

VIVIAN  DISTRICT. 

General  outline. — ^The  Vivian  district,  an  area  about  4  miles  in  di- 
ameter, lies  in  the  southwestern  part  of  the  region  and  adjoins  the 
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Gold  Boad  district  on  the  south.  Vivian,  the  principal  camp,  is 
situated  west  of  the  center  of  the  district,  about  3  miles  southwest  of 
Gold  Eoad.  The  district  lies  in  the  foothills  at  elevations  between 
2,200  and  2,800  feet,  and  is  traversed  by  several  broad  washes  through 
which  the  drainage  issues  southwestward. 

The  dominant  country  rock  is  the  green  chloritic  andesite,  which, 
on  the  southwest,  gives  way  to  the  underlying  older  andesite,  the 
basal  member  of  the  volcanic  series.  So  far  as  learned,  this  older 
andesite  does  not  contain  workable  mineral  deposits,  and  as  the  veins 
seem  to  practically  terminate  with  the  lower  limit  of  the  green  chlo- 
ritic andesite,  the  ability  to  differentiate  these  two  formations  is  of 
vital  importance  to  the  mine  operator.  This  ability  can  best  be  gained 
by  studying  the  rocks  along  their  zone  of  contact,  which  is  well 
exposed  crossing  the  ridge  southwest  of  the  Vivian  mine,  beyond 
which  it  ascends  the  wash  northward  to  the  west  base  of  Leland 
Monument  Mountain,  the  high  dome-shaped  portion  of  the  ridge  just 
west  of  Vivian  and  nearly  700  feet  above  it. 

Leland  mine. — The  Leland  mine  is  located  just  west  of  Vivian,  in 
the  upper  part  of  Leland  Monument  Mountain.  It  is  developed 
mainly  by  adit  drifts  and  tunnels  aggregating  about  3,000  feet  of 
workings,  distributed  within  a  horizontal  distance  of  half  a  mile  and 
a  vertical  range  of  700  feet.  This  work  was  nearly  all  done  in  1903 
and  1904.  The  surface  equipment,  comprising  a  40-stamp  mill  and 
railway,  were  installed  at  a  cost  exceeding  $400,000. 

The  mine  is  located  on  the  western  part  of  the  Leliand  vein,  which 
has  a  known  extent  of  about  a  mile  and  dips  steeply  to  the  south.  At 
the  mine  it  ranges  from  5  feet  in  width  on  the  east  to  25  feet  on  the 
west,  and  is  of  the  Gold  Boad  type,  being  composed  essentially  of 
fine-grained  pale-greenish  quartz  and  adularia,  locally  accompanied 
by  calcite  and  country-rock  breccia.  It  contains  vugs  lined  with 
quartz  crystals  and  black  oxide  of  manganese,  and  many  of  them 
carry  much  free  gold.  Throughout  the  mine  the  vein  contains  a  large 
amount  of  $5  to  $10  ore,  which  probably  continues  in  depth  with  the 
green  chloritic  andesite.  The  same  seems  to  be  true  of  the  Mitchell 
vein,  which  lies  about  400  feet  south  of  and  parallel  to  the  Leland 
vein,  but  dips  steeply  to  the  north. 

In  the  light  of  the  foregoing  conclusion  concerning  the  termina- 
tion in  depth  of  the  veins  of  the  district  with  the  green  chloritic  andes- 
ite, the  widely  accepted  view  which  holds  that  by  sinking  to  a  depth 
of  1,200  or  1,500  feet  at  a  point  midway  between  the  Leland  and 
Mitchell  veins  a  large  body  of  rich  ore  will  be  encountered  at  their 
junction  should  be  accepted  with  caution,  as  the  lower  limit  of  the 
andesite  may  lie  at  too  shallow  a  depth  for  the  veins  to  meet  in  this 
formation. 
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The  producCion  of  the  mine  was  not  learned,  except  that  about 
4,500  tons  of  the  ore  were  milled,  some  of  which  averaged  $15  per 
ton  and  a  less  amount  $50  to  $60  per  ton. 

German-American  mine. — The  German- American  mine  lies  in  the 
southern  part  of  the  district  three- fourths  of  a  mile  east  of  Vivian. 
It  is  developed  by  drifts,  tunnels,  and  shafts  to  a  depth  of  about 
250  feet  and  contains  about  2,000  feet  of  workings,  mostly  at  the 
Treadwell  and  35th  Parallel  shafts,  which  are  situated  about  1,200 
feet  apart  on  the  vein.  The  principal  surface  equipments  are  sev- 
eral steam  hoists,  a  10-stamp  mill,  and  a  cyanide  plant. 

The  dominant  country  rock  is  the  green  chloritic  andesite,  which 
locally  west  of  the  vein  on  the  foot-wall  side  is  in  contact  with  the 
light-gray  older  andesite,  and  the  vein  may  lie  in  part  on  the  con- 
tact of  these  two  rocks.  The  vein  dips  steeply  to  the  east.  It  ex- 
tends for  three-fourths  of  a  mile  and  ranges  from  1  to  60  feet  in 
width.  It  consists  essentially  of  calcite,  some  of  which  is  replaced 
by  quartz  and  adularia,  with  some  brecciated  country  rock.  The 
foot  wall  is  usually  well  defined  with  the  vein  solidly  frozen  to  it; 
the  hanging  wall  is  ragged.  The  values  favor  the  hanging  wall 
and  are  associated  mostly  with  quartz. 

The  production  has  been  2,700  tons  of  ore,  which  averaged  about 
$10  in  gold  per  ton.  A  large  dump  at  the  35th  Parallel  shaft  is  re- 
ported to  be  all  good  milling  ore. 

Tom  Reed  mine. — ^The  Tom  Reed  (formerly  the  Blue  Ridge)  mine 
lies  in  the  eastern  part  of  the  region,  in  Blue  Ridge  Wash.  It  is  de- 
veloped to  a  depth  of  nearly  200  feet  by  two  shafts,  and  has  three 
levels  and  drifts,  aggregating  about  600  feet  of  underground  work, 
nearly  all  done  in  1904  to  1906.  It  produces  considerable  water, 
the  level  of  which  lies  at.  about  100  feet  below  the  surface.  The  prin- 
cipal surface  improvements  are  a  10-stamp  mill  and  a  gasoline  hoist. 

The  country  rock  is  the  green  chloritic  andesite.  The  vein  dips 
steeply  northeastward.  It  is  about  20  feet  in  width,  with  the  walls 
usually  ill-defined,  and  is  thought  to  be  a  continuation  of  the  Pasadena 
vein,  in  which  case  it  has  a  length  of  about  3  miles.  It  is  mainly  of 
the  Gold  Road  quartz-adularia  type,  with  but  little  calcite  present 
in  the  principal  part  of  the  mine,  and  is  reported  to  have  run  $25 
in  gold  and  a  little  silver  per  ton  for  the  first  30  feet  in  depth,  and 
about  $12  from  that  point  down.  As  considerable  gold  remains  in 
the  tailings  the  ore  should  be  treated  by  cyaniding.  The  production 
is  reported  to  be  about  $120,000. 

Victor-Virgin  mine. — The  Victor- Virgin  mine  is  situated  in  the 
southeastern  part  of  the  district.  It  is  developed  principally  by  two 
shafts,  situated  900  feet  apart,  to  a  depth  of  nearly  300  feet,  together 
with  drifts.     Elaborate  surface  improvements,  including  the  installa- 
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tion  of  a  650-horsepower  plant  at  Needles,  16  miles  distant,  are  now  in 
process  of  construction,  but  hardly  seem  warranted  for  a  mine  of 
its  size,  in  which  the  deposits  have  not  yet  been  shown  to  extend  to 
any  great  depth. 

The  dominant  country  rock  is  the  green  chloritic  andesite,  but  the 
underlying  older  andesite  occurs  near  by  on  the  west.  The  vein 
dips  steeply  to  the  northeast.  It  is  from  1  to  18  feet  in  width,  but 
is  locally  associated  with  silicified  country  rock  or  breccia  100  or 
more  feet  wide.  It  is  of  the  Gold  Eoad  type,  being  composed  princi- 
pally of  quartz  and  adularia,  with  a  small  percentage  of  calcite. 
The  ore  is  said  to  contain  from  $9  to  $50  in  gold  per  ton,  $20  being 
reported  as  a  fair  average.  The  total  production  is  about  $500  and 
a  considerable  amount  of  low-grade  ore  lies  on  the  dump. 

Midnight  mine. — The  Midnight  mine,  located  IJ  miles  northwest 
of  Vivian,  is  developed  by  an  inclined  shaft,  drifts,  and  stopes  to  a 
depth  of  50  feet,  and  is  equipped  with  a  gasoline  hoist. 

The  country  rock  is  the  green  chloritic  andesite.  The  vein  dips 
westward  at  angles  of  30°  to  40°.  The  portion  of  it  worked  is  about 
3^  feet  in  thickness  and  consists  principally  of  quartz,  with  some 
calcite,  fluorite,  and  probably  adularia.  It  has  been  worked  from 
the  surface  almost  to  the  bottom  of  the  mine  and  laterally  for  a  dis- 
tance of  about  120  feet,  and  in  this  extent  has  averaged  about  $18 
per  ton  in  gold,  the  production  being  considerable  for  so  small  a 
mine.  Where  now  worked  in  the  bottom  of  the  shaft  the  ore  is  of 
low  grade,  running  about  $7  per  ton,  and  consists  of  a  mixture  of 
partly  altered  soft  country  rock  traversed  by  stringers  and  vein- 
lets  of  calcite  and  quartz. 

Vivian  mine. — The  Vivian  mine  is  located  about  one-fourth  mile 
below  Vivian,  just  west  of  Vivian  Wash.  It  is  developed  to  a  depth 
of  about  270  feet  by  three  shafts  and  drifts.  The  surface  equip- 
ments, which  unfortunately  seem  to  have  been  prematurely  installed, 
are  new,  of  the  best  modern  type,  and  very  complete,  and  include  a 
10-stamp  mill. 

The  country  rock  is  the  green  chloritic  andesite,  which  just  west 
of  the  mine  gives  way  to  the  older  andesite.  The  vein  dips  steeply 
to  the  south  and  extends  for  about  half  a  mile.  It  is  about  3  feet  in 
average  thickness  and  consists  essentially  of  calcite  and  a  little 
quartz.  The  values  are  reported  to  occur  chiefly  in  pockets  running 
very  high  in  gold,  and  are  richest  in  the  quartz,  which  occurs  in 
association  with  dark  calcite.  The  production  is  small.  The  mill 
was  run  about  forty  days  after  its  completion  in  1906.  The  princi- 
pal dumps  show  that  the  older  andesite  has  been  encountered,  from 
which  it  seems  probable  that  no  workable  ore  will  be  found  at 
greater  depths. 

'4707(5— Bull.  340—08^ 6 
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BOUNDARY     CONE     DISTRICT. 


The  Boundary  Cone  district  lies  in  the  southwestern  part  of  the 
region,  just  south  of  the  Vivian  district  last  described.  It  extends 
from  Boundary  Cone,  a  prominent  landmark  on  the  west,  3  miles 
eastward  nearly  to  the  crest  of  the  range,  and  is  2  miles  or  more  in 
width.  The  topography  is  mostly  rugged,  of  the  volcanic  rock  type, 
with  the  mountains  rising  1,500  to  2,000  feet  above  the  intervening 
washes,  through  which  the  drainage  issues  westward. 

The  country  rock  is  mainly  a  dense  reddish-brown  or  purplish 
andesite,  locally  known  as  "  phonolite,"  and  is  underlain  by  an  earlier 
tufaceous  andesite,  below  which  the  pre-Cambrian  granite  is  exposed 
on  the  extreme  southwest.  These  rocks  are  all  intruded  by  rhyolite  in 
the  form  of  plugs  and  dikes,  of  which  Boundary  Cone  is  a  typical 
example. 

The  deposits  are  gold  bearing  and  occur  in  fissure  veins  in  the  pur- 
ple andesite  and  also  on  the  contact  of  the  intruded  rhyolite  and  the 
andesite  or  the  granite.  The  gangue  is  made  up  of  fine-grained  and 
usually  brecciated  quartz  and  adularia,  locally  containing  an  admix- 
ture of  country  rock. 

The  veins,  five  or  six  in  number,  occur  in  the  eastern  part  of  the 
district.  They  trend  northwestward,  with  steep  dips.  The  principal 
properties  located  on  them  are  the  Iowa,  which  has  been  most  exten- 
sively developed,  the  Lazy  Boy,  Krause,  and  Highland  Chief. 

The  Iowa  mine  is  situated  in  the  northeastern  part  of  the  district, 
at  an  elevation  of  about  2,600  feet.  It  is  developed  by  a  shaft  200  feet 
in  depth,  and  by  about  100  feet  of  drift  and  crosscuts  distributed  on 
three  levels,  and  is  equipped  with  a  gasoline  hoist.  The  vein  dips 
steeply  to  the  south.  It  ranges  from  3  to  8  feet  or  more  in  width 
and  consists  principally  of  greenish  brecciated  quartz  and  a  little 
calcite,  with  locally  some  rock  breccia.  It  is  traversed  by  veinlets  of 
secondary  quartz  and  calcite.  The  values  run  from  $3  to  $14  per  ton, 
and  are  largely  found  within  3  feet  of  the  hanging  wall. 

The  deposits  at  the  contact  occur  chiefly  in  the  western  part  of  the 
district.  They  are  best  exposed  along  the  upper  edge  of  the  andesite 
collar  encircling  the  rhyolite  plug  that  forms  the  upper  part  of 
Boundary  Cone.  They  occur  mainly  on  the  west  and  south  sides  of 
the  cone,  where  they  extend  interruptedly  for  about  a  mile.  The 
values  average  from  $3  to  $17  in  gold,  and  occur  in  a  zone  of  quartz 
and  adularia  6  to  8  feet  wide,  chiefly  on  the  rhyolite  side  of  the  con- 
tact. The  rhyolite  within  2  or  3  feet  of  the  quartz  also  contains 
values. 

NONMETALLIC  MINERALS. 

The  principal  nonmetallic  minerals  occurring  in  the  region  here 
discussed  are  building  stone,  cement  rock,  travertine,  turquoise,  and 
graphite. 
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Building  stone. — ^The  most  important  building  stone  in  the  region 
is  the  rhyolite  tuff  underlying  Kingman  Mesa.  It  occurs  in  abun- 
dance in  heavy  beds  and  is  easily  quarried  in  the  scarps  near  King- 
man. It  is  medium  grained  and  fairly  uniform  in  texture,  and 
dresses  well.  The  most  important  buildings  in  Kingman  are  built 
of  it. 

Cement  rock. — The  main  cement  material  of  the  region  is  a  fine- 
grained pumaceous  phase  of  the  rhyolite  tuff  just  described.  It 
occurs  in  a  deposit  of  considerable  extent  west  and  southwest  of  King- 
man and  probably  elsewhere,  and  is  said  to  have  been  proved  by  ex- 
periment to  be  excellent  for  making  cement.  It  requires  no  calcining. 
Briquets  made  with  it  are  reported  to  have  a  higher  teiisile  strength 
than  the  Vesuvian  products  and  to  stand  salt-water  tests  with  excel- 
lent results. 

Travertine. — ^Local  deposits  of  travertine,  used  as  flux  at  the  smelt- 
ers, occur  in  Sacramento  Valley  near  Chloride  and  Mineral  Park. 

Turquoise. — ^Turquoise  is  mined  at  two  localities,  Ithaca  Peak  and 
Turquoise  Mountain,  about  a  mile  south  of  Mineral  Park.  It  occurs 
in  coarse  altered  granite  porphyry  in  the  form  of  veins  and  globular 
and  irregular  bodies,  1  to  8  inches  in  diameter,  some  of  which  are  con- 
nected by  stringers  or  mere  seams  and  others  isolated  in  the  solid  rock. 
The  production  is  shipped  in  monthly  installments  to  New  York, 
where  it  is  mostly  sold  in  the  rough  for  jewelry  purposes. 

Graphite. — Graphite,  possibly  of  commercial  value,  occurs  in  the 
pre-Cambrian  schists  on  the  east  slope  of  the  Cerbat  Range  near  the 
old  Government  trail  in  the  first  gulch  north  of  C.  O.  D.  Guich,  about 
15  miles  north  of  Kingman. 

WATER  SUPPLY. 

Throughout  that  portion  of  the  area  which  lies  north  of  the  lati- 
tude of  Kingman  water  is  scarce,  the  only  natural  source  of  supply 
besides  precipitation  being  a  few  small  springs,  found  along  the  base 
of  the  ranges.  In  the  pre-Cambrian  rocks,  however,  particularly  in 
the  Cerbat  Range,  as  shown  in  the  mines,  ample  water  of  good  quality 
is  usually  encountered  at  depths  of  300  to  600  feet ;  and  in  the  vicinity 
of  Kingman  in  the  rhyolite  tuff  a  copious  supply  is  reached  at  depths 
of  about  130  feet,  as  shown  by  numerous  inexhaustible  wells.  In  the 
Black  Mountains  also  the  best  water-bearing  formation  is  the  rhyo- 
lite tuff,  commonly  known  as  the  "  water  rock,"  extending  in  a  belt  of 
considerable  width  from  Union  Pass  southward  beyond  Gold  Road. 
It  is  the  source  of  the  water  used  at  Gold  Road  and  other  localities, 
and,  as  at  Kingman,  the  supply  seems  inexhaustible. 


GOLD  PUCER  DEPOSITS  NEAR  UY,  ROUH  COUNTY, 

COLO. 


By  HoYT  S.  Gale. 


ESTTRODUCnON'. 

The  existence  of  gold-bearing  sands  and  gravels  in  a  field  of  con- 
siderable extent  in  the  central  portion  of  Routt  County,  Colo.,  and 
adjacent  parts  of  Wyoming,  has  been  known  for  a  number  of  years. 
These  gold  placer  deposits  are  said  to  have  been  first  discovered  in 
1887  in  the  northern  part  of  the  district,  on  Fourmile  Gulch,  and  also 
in  Dry  Gulch,  about  20  miles  west  of  Baggs,  Wyo.,  both  localities 
near  Little  Snake  River.  Interest  in  the  field  seems  to  have  begun 
about  that  date  and  to  have  continued  more  or  less  actively  down  to 
the  present  time. 

The  district  in  which  these  deposits  occur  lies  west  of  the  Elkhead 
Mountains,  north  of  Yampa  or  Bear  River,  and  east  of  the  lower 
course  of  Little  Snake  River,  along  whose  valley  near  the  Colorado- 
Wyoming  line  the  most  extensive  developments  have  been  made. 
Only  the  southern  portion  of  the  territory  thus  outlined  is  directly 
concerned  in  the  present  report. 

The  following  report  is  the  result  of  observations  made  in  the  early 
part  of  July,  1907,  by  the  author,  who  was  at  that  time  engaged  in  a 
study  of  the  geology  and  an  examination  of  fcoal  lands  in  the  fields 
south  of  this  district.  Especial  acknowledgment  is  due  to  Mr.  A.  G. 
Wallihan,  of  Lay,  for  the  locations  of  the  claims  shown  on  the  map 
(PI.  I),  and  for  assistance  during  the  progress  of  the  work  and  in- 
formation concerning  former  prospecting  in  the  field.  The  author 
is  personally  familiar  only  with  that  part  of  the  field  which  lies  south 
of  the  Iron  Springs  divide,  and  all  statements  and  inferences  concern- 
ing the  deposits  north  of  that  line  or  lying  in  the  Snake  River  drain- 
age basin  are  based  on  the  reports  of  others,  interpreted  from  a  gen- 
eral knowledge  of  the  whole  region. 

A  brief  description  of  the  territory  and  developments  along  Little 
Snake  River  prior  to  1895  is  given  in  an  article  by  E.  P.  Snow.®     In 

•  Fourmile  placer  fields  of  Colorado  and  Wyoming :  Jlng.  and  Min.  Jour.,  vol.  60,  1895, 
pp.  102-106. 
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1901  a  dredge  was  set  up  in  Timber  Lake  Gulch,  10  miles  south  of 
Baggs,  Wyo.,  and  operated  with  some  success  for  four  years,  but  it 
is  now  lying  idle.  It  is  said  that  about  $70,000  was  cleared  up  during 
that  time,  but  that  work  was  suspended  with  the  exhaustion  of  the 
richer  ground.  A  dry  washer  outfit  was  set  up  in  Timber  Lake 
Gulch  (T.  10  N.,  E.  92  W.)  during  the  summer  of  1903.  It  was 
claimed  that  the  machine  made  $20  per  day  on  ground  averaging 
75  cents  per  yard,  when  the  dirt  was  perfectly  dry.  The  rainy  sea- 
son of  that  year  prevented  continuous  work.**  Recent  reports  state 
that  a  ditch  is  being  constructed  from  Slater  Creek  to  carry  water  to 
the  Iron  Springs  divide,  and  that  pipe  to  cover  a  distance  of  about 
2  miles  has  been  purchased  and  hauled  into  the  country.* 

In  1905  a  dredge  was  installed  in  the  valley  of  Lay  Creek,  on  the 
south  side  of  the  Iron  Springs  divide.  Since  that  time  a  small  area 
(about  10  acres)  has  been  worked  over.  Most  of  the  delay  or  failure 
to  achieve  immediate  results  has  been  due,  it  is  said,  to  minor  diffi- 
culties in  the  operation  of  machinery  and  the  management  of  the 
rather  scanty  water  supply.  A  recent  report  states  that  the  Blevins 
property,  controlling  the  dredge  and  some  480  acres  of  placer  filings 
about  7  miles  north  of  Lay  post-office,  has  been  sold  for  $100,000. 
It  is  also  stated  that  an  active  revival  of  operations  in  the  neighbor- 
ing tracts  is  under  way,  and  that  considerable  development  work 
is  promised  in  this  southern  part  of  the  field  during  the  coming 
season. 

DESCRIPTION. 

The  territory  west  of  the  Elkhead  Mountains  is  a  broad  stretch 
of  rolling  prairie  of  moderate  relief  and  monotonous  topography. 
Geographically  it  may  be  defined  as  a  roughly  triangular  area  lying 
between  Little  Snake  and  Yampa  rivers.  These  streams  furnish  the 
chief  water  supply  of  the  district,  although  its  eastern  margin  is  more 
or  less  readily  accessible  to  their  tributary  headwaters  on  the  west- 
ern flanks  of  the  Elkhead  Mountains.  The  climate,  although  not  that 
of  a  true  desert,  is  exceedingly  dry,  with  but  little  rainfall  during 
the  summer  and  it  is  said  but  little  snow  in  winter.  Springs  are 
scarce  throughout  the  region  and  settlement  is  consequently  scatter- 
ing and  confined  chiefly  to  the  river  valleys. 

The  region  is  traversed  by  several  well-known  roads  which  afford 
access  from  the  Union  Pacific  Railroad  in  southern  Wyoming  to  the 
settlements  along  Yampa  River  in  Colorado.  The  freighting  route 
from  Rawlins  to  Craig  and  Hayden  passes  through  the  eastern  part 
of  the  district,  and  also  furnishes  the  present  means  of  communica- 

« Information  from  Mr.  John  H.  Marks,  of  Denver. 

*  Information  from  Messrs.  L.  Calvert  and  J.  W.  Cavendor,  of  Baggs,  Wyo. 
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tion  with  the  placer  fields.  A  daily  stage  is  run  from  Rawlins  to 
Dixon  and  Baggs,  on  the  Little  Snake,  whence  connecting  routes 
extend  into  Colorado.  An  old  road  that  was  formerly  a  regularly 
traveled  stage  route  passes  diagonally  through  the  placer  districts,  * 
running  to  the  southwest  from  Baggs  by  way  of  Lay,  and  thence 
southward  toward  Meeker.  This  and  the  old  Thornburgh  wagon 
road  were  formerly  the  best-known  routes  of  travel  through  this 
region,  being  the  principal  means  of  access  to  the  Union  Pacific 
Railroad  from  a  large  territory  to  the  south  in  Colorado  before  the 
advent  of  the  railroad  lines  on  Grand  River.  Many  minor  wood 
and  hauling  wagon  roads  meander  across  the  prairie  hills  and  valleys, 
so  that  the  region  is  fairly  accessible  in  almost  any  part. 

GSIO^BAIi  GEOIiOGY, 

Precise  knowledge  concerning  the  structure  and  stratigraphy  of 
the  field  as  a  whole  is  somewhat  meager.  It  lies  within  the  territory 
mapped  by  the  Fortieth  Parallel  Survey,  and  is  described  in  that 
Survey's  reports  and  its  geology  mapped  in  the  atlas  accompanying 
them.  The  rocks  are  classed  with  the  groups  there  denoted  as  Green 
River  and  Vermilion  Creek «  of  the  Eocene.  The  following  de- 
scription of  the  district  is  given  by  S-  F.  Emmons,  the  geologist  who 
visited  that  region.^ 

To  the  north  and  west  of  EV)rtification  Peak<^  extends  a  low,  rolling  coun- 
try, covered  with  soft,  earthy  material  of  a  prevailing  red  color,  in  which 
no  outcrops  are  visible.  The  character  of  the  soil,  however,  shows  that  it  is 
probably  made  up  of  decomposed  beds  of  the  Vermillion  Creek  Eocene.  These 
beds  are  found  exposed  on  the  western  face  of  the  Elkhead  Mountains,  at  the 
baylike  indentation  between  Mount  Weltha  and  Navesink  Peak,  where  they 
consist  of  coarse,  red  sandstones,  with  intercalated  beds  of  reddish  and  cream- 
colored  clays  and  arenaceous  marls.  The  limits  of  these  beds  are  not  well  de- 
fined, on  account  of  the  character  of  the  surface  in  this  region,  but  their  con- 
nection can  be  traced,  over  the  broad  plains  to  the  west,  to  characteristic  out- 
crops, in  such  a  manner  that  there  can  be  little  doubt  as  to  the  horizon  to 
which  they  belong.  Though  they  present  here  little  difference  of  angle  with 
the  underlying  Cretaceous  beds,  they  are  probably  unconformable,  as  they  are 
seen  to  be  to  the  westward,  and  the  lowest  beds  of  the  series  can  not  therefore 
be  definitely  determined.  On  the  little  Snake  River  they  are  represented  by 
yellow,  coarse,  gritty  sandstones  containing  casts  of  Melania, 

Recent  investigations  in  territory  adjoining  this  field,  both  north 
and  south  of  the  area  under  discussion,  tend  to  corroborate  the  general 
statements  of  these  earlier  reports;  but,  as  might  naturally  be  ex- 
pected, some  details  of  the  areal  distribution  of  these  strata  were 
generalized  or  overlooked  entirely  in  the  first  general  maps. 

•"Vermilion  Creek"  is  equivalent  in  part  at  least  to  the  Wasatch  as  used  by  the 
Hayden  Survey,  and  the  latter  name,  which  has  priority  and  established  usage,  has  been 
adopted  for  these  beds  by  the  Geological  Survey. 

^King,  Clarence,  Rept.  U.  S.  Geol.  Explor.  40th  Par.,  vol.  2,  1877,  p.  187. 
^  Now  better  known  as  Cedar  Mountain,  situated  about  ft  mileB  northwest  of  Craig. 
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As  described  by  Emmons  the  whole  field  is  underlain  by  sedimen- 
tary strata  of  loosely  consolidated  or  readily  disintegrated  material. 
The  beds  observed  at  outcrop  are  variable  in  composition,  including 
marls  of  red  or  variously  colored  and  banded  appearance;  loose 
coarse-grained  sandstone  or  sandy  beds,  white  or  of  darker  weathered 
hues;  and  banks  of  more  regularly  bedded  shale  exposed  here  and 
■  there.  At  some  places  the  varicolored  beds  of  marl  that  commonly 
distinguish  the  Wasatch  ("  Vermilion  Creek  "  of  King)  are  exposed 
in  great  scars  or  badland  washes. 

Considerable  areas  of  beds  distinctly  more  recent  than  the  Tertiary 
strata  already  described  are  present  along  the  southern  margin  of  the 
district  here  considered.  These  deposits  consist  of  soft,  friable  ma- 
terial, made  up  largely  of  rounded  quartz  grains  more  or  less  con- 
solidated by  calcareous  cement,  with  few  harder  consolidated  strata. 
They  are  everywhere  of  a  chalky-white  appearance.  They  extend 
eastward  as  far  as  Cedar  Mountain,  whos6  summit  is  composed  of 
these  beds  protected  by  an  overlying  cap  of  basalt.  They  correspond 
to  the  strata  of  the  "  Browns  Park  group  "  as  described  by  Powell  and 
others,  and  are  markedly  unconformable  on  all  the  older  strata.  They 
occur  invariably  in  essentially  horizontal  position,  with  every  ap- 
pearance of  having  been  deposited  in  a  lake  basin  of  late  Tertiary  or 
possibly  more  recent  age.  Although  these  beds  at  another  locality 
are  described  VjBry  briefly,  and  with  much  doubt  as  to  their  age,  in 
the  Fortieth  Parallel  reports,  they  are  there  included  with  the  Green 
River  group  as  shown  on  that  geologic  map.  They  appear  not  to 
have  been  recognized  at  that  time  as  occurring  in  the  territory  east 
of  Little  Snake  River.  C.  A.  White,**  who  afterward  studied  this 
region,  described  their  eastward  extension  and  regarded  these  beds 
as  equivalent  to  the  latest  Eocene  strata  exposed  south  of  the  Uinta 
Mountains,  although  his  reasons  for  this  assumption  are  not  clear, 
and  now  seem  to  have  been  unwarranted  by  the  facts. 

The  whole  region  is  covered  to  a  greater  or  less  extent  with  a  scat- 
tered drift  whose  origin  seems  intimately  connected  with  the  source 
and  history  of  the  present  gold  deposits.  This  drift  is  described  in 
more  detail  in  the  following  paragraphs,  as  it  forms  the  material  of 
the  bars  or  terraces  from  which  the  gold  is  now  derived. 

The  only  igneous  rocks  that  are  known  to  occur  within  the  field 
are  the  basaltic  intrusives  and  outflows,  which  are  at  least  as  recent 
as  late  Tertiary.  These  basalts  are  of  very  moderate  extent  on  the 
open  prairies,  being  confined  chiefly  to  the  higher  summits  and  ridges 
of  the  Elkhead  Mountains  to  the  east.  A  prominent  dike  known  as 
the  "  Rampart "  extends  westward  from  these  foothills  of  that 
range,  cutting  the  Tertiary  "Strata  a  few  miles  beyond  the  Craig- 

•  On  the  geology  and  physiography  of  a  portion  of  northwestern  Colorado  and  adjacent 
parts  of  Utah  and  Wyoming :  Ninth  Ann.  Kept.  U.  S.  Geol.  Survey,  1889,  p.  691. 
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Rawlins  stage  road.  Fortification  Butte,  or  Cedar  Mountain,  an 
isolated  peak  on  the  southeast  margin  of  the  district,  is  capped  by 
this  basalt. 

The  geologic  structure  of  the  whole  district  is  exceedingly  simple. 
The  strata  occupy  a  broad  synclinal  trough  or  basin,  over  the  greater 
part  of  which  the  beds  lie  approximately  horizontal.  At  the  southern 
margin  of  the  basin  the  beds  are  tilted  rather  abrupUy,  rising  over 
the  Axial  Basin  anticline,  just  south  of  the  placer  field  here  described. 
This  broad  structural  basin  is  considered  as  a  southeastward  con- 
tinuation of  the  great  structural  depression  known  as  the  Green 
River  Basin  of  Wyoming.  The  Bridger  and  Washakie  basins  as 
described  by  King  are  also  subdivisions  of  this  larger  structural 
feature. 

DISTRIBUTION    OF    AURIFEROUS    DEPOSITS. 

The  map  accompanying  this  report  (PI.  I)  is  intended  to  outline 
the  approximate  extent  and  distribution  of  the  more  valuable  ground 
BS  shown  by  the  claims  that  have  been  filed  on  within  the  region.  It 
can  be  seen  at  a  glance  that  these  claims  are  distributed  along  the 
drainage  channels  of  the  larger  dry  washes  heading  from  the  Iron 
Springs  divide.  A  study  of  the  ground  itself,  however,  reveals  the 
fact  that  the  richest  deposits  lie  on  a  bar  or  terrace  ranging  from  20 
to  100  or  more  feet  above  the  present  creek  bottom. 

The  Blevins  dredge  is  now  situated  near  the  south  end  of  the 
placer  filings.  A  mile  or  so  farther  downstream  Lay  Creek  enters  a 
narrower  valley  cut  in  the  tilted  beds  of  harder  and  geologically  older 
strata,  and  the  upper  bar  is  not  readily  distinguished  below  that 
point.  The  dredge  stands  on  ground  20  or  30  feet  above  the  level 
of  the  stream  channel.  Northward  from  this  point  along  the  main 
channel  of  Lay  Creek  the  upper  bench  or  bar  rises  more  steeply  than 
the  stream  grade  itself.  At  Iron  Springs  the  bar  is  about  70  feet 
above  the  creek  and  springs.  As  seen  from  its  own  level  this  bench 
appears  to  represent  a  former  valley  much  broader  than  that  of  the 
modern  drainage  channels.  Remnants  of  approximately  the  same 
elevation  may  be  traced  across  the  gulches  to  the  flanks  or  tops  of 
neighboring  ridges.  North  of  the  Iron  Springs  bar  the  topography 
of  the  old  valley  level  and  of  the  main  divide  beyond  is  broad  and 
open,  a  rolling,  sagebrush-covered  prairie.  So  far  as  can  be  gathered 
from  reports  of  those  who  have  prospected  in  the  field,  the  gold- 
bearing  gravels  are  distributed  almost  universally  over  all  of  this 
territory.  It  is  stated  on  reliable  authority  that  "pay"  ground  is 
found  even  on  the  highest  summits  of  the  main  divide,  and  in  fact 
pretty  generally  over  all  of  that  high  ground.  It  also  appears,  from 
the  selection  of  the  located  claims,  that  the  most  promising  values 
are  found  on  or  near  the  so-called  "  bars,"  which  as  stated  are  thought 
i^o  represent  former  drainage  valleys.    Although  the  sand  and  char- 


,;«.?& 

? 

!iV^ 

ft 

. 

f 

■SF 

<*;.- 

/ 

^'  1 

-F, 

- 

"„ 

■/ 

(  ■? 

~t^ 

/,' 

i| 

x' 

) 

,•■    1 

/' 

f' 

s 

^ 

V      r. 

■         f..c 

' 

f 

'/^ 

-  , 

\ 

/ 

!    ■< 

%•: 

, 

« 

7- 

'  \ 

^ 

^ 

/v. 

"N   ' 

.; 

/ 

«^ 

S 

J 

^ 

.f"/ 

i\ 

^ 

-, 

-^ 

1 

^y 

-^ 

1  ,^' 

•• 

>, 

' 

i 

1 

*.' w 

o,,  k?u^  ^ 

^ '  1 

'  J 

V 

'5obV 

V, 

— I 

;    It 

\  j 

4    ^ 

ll'^ 

Li-!' 

,' 

^"wV 

4 

..„ 

|«S- 

[ 

(,-  4 

|i 

^ 

„,., 

« 

*      r. 

rth 

/ 

\ 

./' 

^ 

'^, 

/ 

f 

|,  = 

^> 

^^ 

/.... 

.■  ~ 

^ 

l^* 

^ 

_^-' 

- 

IBI^ 

Ip- 

1~ 

^ 

%- 

V. 

i"-" 

, 

," 

A"' 

^ 

y\ 

r--3^ 

™...,-. 

Rn  ic-h" 

--  ^ 

% 

V 

Ttai 

'/ 

/■ 

l^f 

""■ 

^' 

,' 

\ 

'S 

rt-^i? 

md'sl  iir 

^       ! 

1 

! 

"S 

'^/ 

(' 

0 

^r« 

/ 

/ 

^ 

\y 

r!*-* 

SSf^ 

ifer-^ 

,'■»". 

ss 

■"" 

Eim 

eT-'.H 

aifh 

^■ 

-^^i. 

l«l 

^s^ 

-EH; 

r- 

-' 

_ 

v 

> 



- 

:ii 

""- 

E 

hi 

MAP  SHOWING  PLACER  CLAIMS  NEAR  LAV,  ROUTT  COUNTV.  COLO. 


GOLD  PLACER  DEPOSITS   NEAR   LAY,  COLO. 


89 


acteristic  gravels  are  found  in  the  bottoms  of  the  present  streams,  it 
seems  probable  that  these  materials  are  only  reworkings  from 
the  higher  deposits  and  they  do  not  appear  to  be  as  rich  as  the 
original  ground  itself.  Colors  have  been  found  in  the  bed  of  the 
creek  lower  down  on  its  course,  as,  for  instance,  at  Lay  post-oflSce, 
but  not  of  sufficient  value  to  attract  attention.  It  is  therefore  assumed 
that,  for  the  most  part,  modern  drainage  channels  represent  a  con- 
centration of  too  small  a  portion  of  the  gold-bearing  uplands  to  show 
important  values,  or  else  that  much  of  the  gold  that  may  have  been 
washed  into  those  channels  has  passed  on  downstream,  and  possibly 
has  been  largely  carried  away. 

It  is  probable  that  the  auriferous  deposits  in  the  Little  Snake 
drainage  basin  have  the  same  history  and  origin  as  those  in  the 
southern  part  of  the  field.  This  is  indicated  in  the  following  para- 
graph, which  is  quoted  from  the  report  of  the  Fourmile  placer  fields 
previously  cited: 

The  gravel  beds  are  not,  as  is  usually  the  case,  in  the  various  gulches,  but 
form  the  mesa  or  upland  and  cover  the  entire  country,  the  bed  rock  of  the 
gravel  being  from  10  to  150  feet  above  the  valley  through  which  the  streams 
flow  to  Snake  River. 


COMPOSITION   OF   AURIFEROUS    DEPOSITS. 

The  beds  composing  the  bars  consist  largely  of  loose  white  or  light- 
colored  quartz  sand,  in  places  containing  coarser  gravels  and  even 
larger,  perfectly  rounded  pebbles  and  bowlders.  Clear,  glassy  quartz 
grains,  however,  form  by  far  the  chief  constituent  of  the  sand.  The 
gravel  contains  some  clay  which  becomes  evident  on  mixture  with 
water,  and  clay  also  occurs  in  layers  or  beds  somewhat  irregularly 
distributed.  Here  and  there  it  is  more  or  less  stained  with  iron, 
which  gives  it  a  rusty-brown  or  yellow  color.  More  consolidated 
layers  of  conglomeratic  material  occur,  evidently  cemented  by  iron, 
but  these  are  thought  to  be  of  local  nature  and  of  comparatively 
recent  origin,  having  been  derived  from  ferruginous  deposits  similar 
to  the  slimes  now  accumulating  about  the  characteristic  iron  springs 
of  the  region.  At  some  places,  especially  along  the  upper  or  head- 
water portions  of  the  bars,  and  more  particularly  noticed  near  the 
Iron  Springs  divide,  the  material  contains  a  variety  of  coarser  peb- 
bles or  bowlders.  A  study  of  these  pebbles  shows  them  to  have  been 
derived  from  the  following  rocks: 


Red  quartzite. 

White  quartzite  and  hard  sandstone. 
Conglomeratic  quartzite  (rare). 
White  vein  quartz. 
Jet  black  chert. 

Chert   of   various   colors,    some  of  it 
fossiliferous. 


Gneissoid  granitic  or  felsitic  rock. 

Crystalline  granitic  rocks  (rare). 

Pegmatite. 

A  feldspathic  porphyry,  with  fine  red 
or  gray  groundmass. 

Silicified  wood  in  waterworn  frag- 
ments. 
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The  character  of  this  material  is  significant,  denoting  as  it  does  its 
origin  in  the  older  formations  of  the  Uinta  and  Rocky  Mountain 
uplifts.  Lower  down  the  valleys,  notably  in  the  ground  where  the 
Blevins  dredge  is  now  situated,  the  coarser  pebbles  are  more  rare 
and  the  sand  is  very  white  and  of  a  fairly  uniform  grain. 

BED    ROCK   AND   DISTRIBUTION    OF   PAY   STREAKS. 

No  clearly  defined  bed  rock  can  be  traced  from  place  to  place 
among  the  prospects  that  show  pay  dirt.  In  places  it  is  pointed  out 
to  be  a  coarse  white  sand,  while  the  overlying  pay  dirt  is  composed 
of  similar  though  more  clayey  material,  the  latter  probably  constitut- 
ing the  true  bed  rock  which  has  served  for  the  retention  of  the  gold. 
At  other  places  the  bed  rock  is  said  to  be  a  mottled  clay  of  irregular 
pink  and  blue-gray  patches  underlying  the  sand  or  gravel  pay  dirt. 
Evidence  seems  to  indicate  that  the  agency  which  has  served  to  retain 
the  gold  is  the  clay,  which  occurs  either  in  the  form  of  well-defined 
beds  or  mixed  in  certain  layers  of  the  gravel.  The  clay  readily 
separates  in  water,  however,  and  does  not  interfere  with  the  recovery 
of  the  gold  in  washing. 

To  judge  from  the  descriptions  given  of  values  and  pay  streaks  in 
a  number  of  pits  and  trenches  visited  in  the  vicinity  of  the  Iron 
Springs  bar,  as  well  as  the  present  shallow  digging  policy  at  the 
dredge,  it  seems  a  warrantable  conclusion  that  the  values  are  irregu- 
larly distributed  in  depth  throughout  the  body  of  the  gravel  or  sand- 
bar deposits.  Although  it  would  thus  not  be  strictly  true  to  state 
that  the  values  are  uniformly  distributed  throughout  the  gravel,  any 
project  for  theVecovery  of  the  gold  will  probably  have  to  consider  the 
handling  of  practically  the  whole  of  that  material  from  top  to  bottom, 
inasmuch  as  the  values  seem  as  likely  to  be  found  at  the  grass  roots 
as  they  are  to  occur  at  any  definite  horizon  lower  down. 

CHARACTER    OF    THE   GOI.D. 

The  gold  from  this  ground  is  said  to  be  very  pure,  ranging  from 
885  to  935  in  fineness,  and  bringing  between  $19  and  $20  an  ounce. 
It  is  of  very  fine  grain,  in  small,-  well-rounded  nuggets  which  are 
estimated  to  average  about  1,000  to  the  cent.  On  magnification,  the 
grains  are  seen  to  be  well  worn  and  of  a  rounded  or  nugget  form 
rather  than  in  flakes.  An  examination  of  some  of  this  gold  under 
the  microscope  showed  a  few  copper-colored  or  reddish  grains.  The 
color  was  apparently  contained  only  in  cavities  in  the  irregular  grains 
and  looked  like  an  iron  rust  or  stain.  The  statement  has  been  made 
that  a  portion  of  the  gold  seems  to  be  coated  so  that  it  is  not  amal- 
gamated in  the  riffles  of  the  dredge.  No  direct  evidence  of  this  con- 
dition could  be  obtained,  however,  and  the  suggestion  is  urged  rather 
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that  the  wooden  riffles  of  the  dredge  are  probably  not  well  adapted 
to  the  work  at  that  place,  and  may  for  that  reason  fail  to  hold  the 
gold. 

The  final  concentrates  that  remain  with  the  gold  are  notably  free 
from  the  heavy  black  minerals  such  as  magnetite,  ilmenite,  etc.  In 
some  small  samples  that  were  obtained  by  panning,  these  dark  con- 
stituents formed  scarcely  a  third  of  the  concentrates,  the  remainder 
being  made  up  largely  of  garnet  and  a  number  of  clear  colorless 
minerals.  Among  the  latter  were  noted  many  small,  perfectly  formed 
crystals  of  zircon.' 

ORIGIN    OF    THE    GOIiI>. 

The  gold-bearing  sands  and  gravels  appear  to  have  been  the  latest 
deposits  laid  down  in  the  region.  No  direct  evidence  is  now  at  hand 
to  fix  the  geologic  time  of  their  deposition,  but  they  are  seen  to  cover 
the  eroded  surface  of  all  other  recognized  formations.  They  seem 
to  have  preceded  the  cutting  of  the  present  stream  channels  and  to 
have  been  scattered  widely  over  an  older  land  surface  which  some- 
what resembled  that  of  the  present  day. 

The  occurrence  of  the  auriferous  deposits  so  far  removed  from 
areas  of  granitic  rocks  in  place,  to  which  it  is  natural  to  turn  as  the 
source  of  such  material,  has  been  the  cause  of  much  conjecture  relat- 
ing to  their  origin.  The  wide  distribution  of  the  gold-bearing  beds 
over  summits,  divides,  and  valleys  alike  makes  the  determination  of 
the  means  of  their  transportation  and  deposition  still  more  compli- 
cated. Were  the  deposits  grouped  along  present  or  past  channels 
of  the  principal  rivers  flowing  from  the  Park  or  Gore  Range,  it 
would  be  easy  to  assume  that  that  region  was  the  source  of  the  mate- 
rial and  that  these  streams  constituted  the  transporting  agency.  . 

These  deposits  have  been  discussed  by  White  in  the  reports  of  the 
Hayden  Survey,  and  they  are  probably  related  or  equivalent  to  the 
scattered  drift  denominated  the  Bishop  Mountain  conglomerate  by 
Powell,  in  the  report  on  the  Uinta  Mountains,  and  the  Wyoming  con- 
glomerate by  King,  Emmons,  and  Hague,  in  the  reports  of  the  For- 
tieth Parallel  Survey.  The  most  complete  discussion  is  given  by 
White,  who  concludes  that  the  deposition  of  these  beds  may  have 
been  contemporaneous  with  that  of  the  great  northern  glacial  drift, 
and  suggests  that  they  were  of  glacial  origin.  By  Powell  and  Em- 
mons they  are  believed  to  have  been  of  subaerial  origin,  resulting 
chiefly  from  the  action  of  rains  and  streams,  or,  according  to  Emmons, 
representing  littoral  or  shore  deposits. 

The  sources  from  which  the  pebbles  have  been  derived  are  not  dif- 
ficult to  trace  in  a  general  way.  The  wide  extent  of  the  territory 
thus  defined,  however,  leaves  quite  as  much  doubt  as  to  the  actual 
situation  of  the  vein  deposits  from  which  the  gold  has  been  derived. 
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The  greater  part  of  the  pebbles  are  fairly  characteristic  of  the  older 
formations  exposed  along  the  main  uplifts  of  the  Uinta  Mountains. 
The  red  and  white  quartzites  and  conglomeratic  pebbles  of  the  s^me 
clasa  are  readily  distinguished  as  identical  in  composition  witli*  the 
"  Uinta  "  quartzite  of  Powell,  which  forms  the  core  and  highest  por- 
tion of  that  range.  The  various  chert  pebbles,  some  fossiliferous  or 
stained  in  bright  colors  of  red  and  yellow,  as  well  as  the  black  chert, 
are  with  almost  equal  certainty  derived  from  the  Carboniferous  lime- 
stones exposed  along  the  flanks  of  the  same  mountain  range.  Here 
and  there  pebbles  of  the  limestone  itself  are  also  found.  The  deriva- 
tion of  the  red  or  gray  feldspar  porphyry  is  more  in  doubt.  A  few 
granitic  rocks,  such  as  the  granite,  pegmatite,  and  related  types,  seem 
almost  as  certainly  to  have  come  from  the  other  direction,  or  the 
Park  Eange  of  the  Eocky  Mountain  system  on  the  east.  King  de- 
scribes some  hornblendic  and  metamorphic  rocks  at  the  northeast 
end  of  the  Uinta  Range,  but  it  is  thought  that  no  such  rocks  as  gran- 
ite or  pegmatite  are  known  there. 

The  sources  and  general  trend  of  all  the  drainage  of  this  region 
would  more  readily  explain  the  transportation  of  materials  from 
the  Rocky  Mountains  to  the  east  than  from  the  Uinta  Range  to  the 
west.  In  fact,  the  gravel  and  bowlder  deposits  that  cap  some  of  the 
elevated  mesas  along  Yampa  River  are  composed  almost  entirely  of 
granitic  rocks  of  such  composition  that  they  are  certainly  derived 
from  the  headwater  streams  in  the  Rocky  Mountains.,  So  far  as  is 
known  to  the  author,  very  little  gold  has  ever  been  reported  from 
the  rocks  of  the  Uinta  Range — a  fact  which  would  also  tend  to  sup- 
port the  theory  that  most  of  that  metal  has  come  from  the  east. 

It  is  of  interest  to  note  in  this  connection  that  a  corresponding  out- 
spread of  gravel  and  bowlders  of  almost  identical  composition,  con- 
sisting of  materials  apparently  derived  from  the  same  sources,  must 
have  taken  place  near  the  close  of  Cretaceous  time.  Evidence  of  this 
is  now  aflForded  by  an  extensive  and  continuous  bed  of  conglomerate, 
marking  an  unconformity  in  the  uppermost  Cretaceous  strata  of  the 
region,  and  possibly  representing  the  orographic  disturbances  which 
produced  the  adjoining  mountain  ranges.  The  outcrop  of  this  con- 
glomerate bed  may  be  found  in  the  hills  south  of  the  placer  field.  It 
crosses  Lay  Creek  near  Emerson's  ranch,  the  bowlder  bed  occurring 
immediately  above  a  huge  white  sandstone  stratum  which  dips  be- 
neath creek  level  at  that  place.  The  same  beds  may  be  traced  con- 
tinuously eastward,  passing  south  of  Cedar  Mountain  and  crossing 
Fortification  Creek  about  2^  miles  north  of  Craig.  To  the  west  they 
extend  continuously  for  several  miles  to  the  point  where  they  pass 
beneath  and  are  concealed  by  the  overlying  "  Browns  Park  beds." 
This  conglomerate  has  been  prospected  to  some  extent,  but  does  not 
appear  to  have  iittracted  much  attention.     It  might  be  expected  to 
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carry  values  somewhat  similar  to  those  of  the  more  recent  gravel  de- 
posits, but  its  occurrence  is  limited  to  the  narrow  outcrop  of  that  par- 
ticular bed. 

PROSPECTS   AND   I>EVEI.OPMENT. 

In  1905  a  dredge  was  installed  just  above  Jack  Rabbit  Spring,  and 
in  September  of  that  year  started  operation  on  what  is  known  as  the 
Blevins  property.  This  dredge  has  been  worked  intermittently  since 
that  date  and  now  (August,  1907)  stands  near  the  middle  of  the 
N.  ^  sec.  22,  T.  8  N.,  R.  93  W.  An  area  of  approximately  10  acres 
has  been  worked  over.  The  season  is  said  to  last  from  about  April  1 
until  about  the  middle  of  October,  after  which  the  work  is  likely  to 
be  interrupted  by  freezing. 

The  water  supply  is  rather  meager,  coming  from  Jack  Rabbit 
Spring  about  one-half  mile  below  (southwest  of)  the  dredge.  The 
channel  of  Lay  Creek  is  normally  dry  and  apparently  no  attempt  has 
ever  been  made  to  store  the  winter  run-off;  in  fact,  such  a  project 
may  not  be  feasible  on  account  of  the  scant  precipitation.  A  steam 
pump  has  been  placed  at  the  spring  and  the  whole  available  water 
supply  is  raised  and  carried  by  pipe  line  and  ditch  to  the  working 
ground.  When  the  dredge  was  first  started  much  diflSculty  was  ex- 
perienced in  holding  the  water  to  float  the  boat,  but  it  is  stated  that 
as  the  dredge  has  advanced  toward  higher  ground  there  has  been  a 
smaller  seepage  and  less  trouble  from  this  cause.  The  engines  at 
both  dredge  and  pump  are  supplied  with  fuel  from  a  conveniently 
located  coal  bank,  which  has  been  opened  expressly  for  that  purpose. 
The  coal  is  an  excellent  bed  nearly  12  feet  thick,  without  seams  or 
partings  and  with  a  good  roof.  It  outcrops  at  the  side  of  the  gulch 
just  below  the  spring  and  is  readily  accessible,  wagons  being  driven 
directly  to  the  face  of  the  entry  for  loading.  The  coal,  a  good  sub- 
bituminous  grade,  of  lighter  weight  than  some  of  the  coals  of  the 
Yampa  field,  slacks  rapidly,  but  burns  well  and  gives  a  satisfactory 
heat. 

The  gravel  bar  at  the  dredge  is  low,  probably  20  or  30  feet  above 
the  level  of  the  stream  channel.  The  pay  gravel  is  composed  almost 
entirely  of  a  loose  white  sand  with  very  little  coarser  material.  Ap- 
parently no  especial  effort  has  been  made  to  reach  bed  rock  in  the 
dredging  ground,  the  digging  having  reached,  as  estimated,  only  5  or 
6  feet  below  the  top  of  the  ground.  Very  little  appears  to  be  known 
as  to  the  nature  of  the  underlying  bed  rock  at  that  place.  This  is 
doubtless  due  to  its  rather  indefinite  nature,  as  explained  on  another 
page. 

Above  or  north  of  the  Blevins  dredge  the  most  important  group  of 
claims  in  the  field  south  of  the  Iron  Springs  divide  lies  near  what  is 
known  as  the  Iron  Springs  bar,  in  the  east  half  of  T.  9  N.,  R.  98  W. 
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The  claims  are  located  on  a  somewhat  irregular  bench  or  high  terrace 
averaging  70  feet  or  more  above  the  present  stream  channel.  The  bar 
just  east  of  Iron  Springs  is  about  a  mile  long  from  north  to  south  and 
a  quarter  of  a  mile  in  width,  sloping  southward  at  a  grade  of  about 
60  feet  to  the  mile.  Benches  corresponding  to  this  level  appear  on 
the  neighboring  ridges.  The  sand  and  gravel  deposits  to  the  north 
are  said  to  rise  even  to  the  summit  of  the  main  divide.  The  irregular 
sage-covered  plain  affords  too  poor  exposures  for  satisfactory  tracing 
of  these  beds. 

In  sec.  14,  T.  9  N.,  R.  93  W.,  a  small  reservoir  just  below  the  spring 
marks  the  site  of  some  past  development  work.  Claims  here  are  said 
to  have  been  first  located  by  a  Mr.  Scrivener,  who  washed  the  narrow 
gulch  bottom  with  a  sluice,  using  the  water  from  the  spring.  The 
claims  were  later  taken  up  by  a  Mr.  Lahr,  who  discovered  pay  gravel 
in  the  b^nks,  and  drifted  in  100  feet  from  the  bottom  of  the  gulch, 
being  able,  it  is  stated,  to  make  his  living  from  the  washings  in  the 
meantime.  This  drift  evidently  reached  a  depth  of  30  feet  or  per- 
haps considerably  more  below  the  sand  or  gravel  cap  rock,  and  this 
fact  may  be  taken  to  indicate  that  the  gold  will  be  found  down  to 
considerable  depths  in  some  parts  of  the  field.  The  claims  were  later 
dropped  and  are  now  in  other  hands.  An  old  gasoline  engine  used 
to  pump  the  water  for  sluicing  stands  at  the  place.  This  property  is 
said  to  have  contained  some  rich  pay  streaks. 

TAIiUB    OF    THE    GROUND. 

It  may  be  assumed  that  the  site  selected  for  the  operation  of  the 
dredge  is  as  favorable  a  locality  as  any  other  in  the  field.  Estimates 
made  by  one  of  the  interested  persons  placed  the  value  of  the  ground 
already  worked  over,  as  from  25  cents  to  several  dollars  per  cubic 
yard.  It  was  said  on  the  same  authority  that  the  dredge  was  then 
standing  on  ground  that  would  yield  $2.40  per  cubic  yard. 

A  series  of  tests  were  conducted  by  Mr.  Wallihan  on  material 
obtained  near  the  Iron  Springs  bar,  but  are  hardly  complete  enough 
to  be  considered  thoroughly  representative  of  the  field.  Test  pans 
were  taken  from  various  prospects  in  that  vicinity.  The  pits  them- 
selves have  been  dug  more  or  less  at  random  over  the  placer  ground. 
They  vary  somewhat  in  size,  at  least  one  of  them  reaching  a  depth 
of  15  feet  or  more. 

The  sample  taken  in  each  case  was  a  stricken  pan  containing  20 
pounds  of  dry  material.  This  was  then  panned,  all  of  the  black  sands 
and  gold  being  saved  and  the  concentrates  being  sent  to  Denver  for 
assay.  The  following  results  have  been  calculated  from  the  returns 
of  these  assays,  on  the  assumption  that  one  cubic  yard  of  ground  will 
weigh  1^  tons.    A  set  of  twelve  such  assays  showed  a  range  in  value 
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from  1.6  to  63.7  cents  per  cubic  yard.    The  average  amount  of  black 
sand  was  found  by  the  same  tests  to  be  1  ton  in  368  tons  of  material. 

It  is  thought,  however,  that  the  samples  taken  for  testing  are  not 
in  every  case  representative  or  an  average  of  the  whole  thickness 
exposed  in  the  pit.  This  is  probably  true  of  those  samples  which 
show  the  higher  values,  as  these  are  very  likely  to  have  been  shoveled 
from  some  particular  part  of  the  pit  thought  to  contain  the  pay 
streaks.  If  this  is  so,  allowance  should  be  made  to  obtain  the  average 
grade  of  all  the  material  handled. 


GOLD  DEPOSITS  OF  THE  LITTLE  ROCKY  MOUNTAINS 

MONTANA. 


By  William  H.  Emmons. 


rNTRODUCTION. 

The  eastern  half  of  Montana  is  in  the  main  a  nearly  level  country 
and  at  most  places  is  devoid  of  conspicuous  topographic  features. 
A  number  of  small  buttes  rise  above  the  plains  and  here  and  there 
small  groups  of  mountains  relieve  the  monotony  of  the  horizon. 
The  Little  Rocky  Mountains  form  such  a  group,  their  rounded  green 
summits  contrasting  in  a  striking  manner  with  the  featureless  gray 
plains  by  which  thfey  are  surrounded  on  every  side.  These  moun- 
tains are  in  the  southeast  corner  of  Chouteau  County,  Mont.,  be- 
tween Missouri  and  Milk  rivers.  The  group  as  a  whole  is  rudely 
elliptical  in  outline,  about  10  miles  in  greatest  length  and  8  miles 
wide,  the  longer  axis  trending  northeastward.  The  elevation  of  the 
surrounding  plains  is  approximately  3,000  feet  above  sea  level,  and 
the  highest  peaks  of  the  mountains  reach  elevations  of  about  6,600 
feet. 

The  Little  Rockies  are  35  miles  south  of  the  Great  Northern 
Railway  and  directly  south  of  the  Fort  Belknap  Indian  Reser- 
vation. The  principal  mining  camps  in  the  mountains  are  Zortman, 
Whitcomb,  and  Landusky,  each  of  which  is  provided  with  a  post- 
oflSce  and  is  connected  by  stage  with  the  railroad.  One  line  of  stages 
makes  three  round  trips  a  week  from  Malta  to  Zortman.  Another 
line  makes  three  round  trips  a  week  from  Dodson  to  Whitcomb  and 
Zortman,  the  two  stages  leaving  the  railroad  points  on  alternate 
days.  A  third  line  of  stages  runs  three  times  a  week  from  Harlem 
to  Landusky.  The  trip  to  the  mountains  is  made  in  one  day  from 
each  of  these  points. 

In  1895  Messrs.  W.  H.  Weed  and  L.  V.  Pirsson  visited  the  moun- 
tains to  examine  the  mineral  resources  of  the  Fort  Belknap  Indian 
Reservation  for  the  commissioners  appointed  to  treat  with  the  Indian 
tribes,  with  a  view  to  segregating  the  mineral  lands  of  that  reservation. 
The  scientific  results  of  this  visit  were  published  the  following  year.** 

•  Jour.  Geol.,  vol.  4,  1896,  pp.  399-428 ;  Eng.  and  Min.  Jour.,  vol.  61,  1896,  pp.  423-424. 
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At  this  time  the  mines  had  produced  a  small  amount  of  rich  ore, 
but  very  little  underground  development  had  been  done,  and  the 
principal  lodes  now  producing  had  not  been  discovered.  In  October, 
1907,  the  writer,  incidental  to  other  work  in  Montana,  made  a  visit 
to  the  mountains,  the  results  of  which  appear  herewith.  He  is  in- 
debted to  Messrs.  Weed  and  Pirsson,  whose  valuable  historical  and 
geologic  data  have  been  freely  dra^i^n  upon;  and  to  the  operators 
and  prospectors  of  the  district,  who  have  been  uniformly  courteous 
in  facilitating  his  investigations. 

HISTORY  OF  DEVEIiOPMENT. 

The  placer  deposits  occurring  in  the  beds  of  the  streams  that  flow 
southward  from  the  Little  Eocky  Mountains  to  Missouri  River 
had  been  worked  intermittently  but  with  small  success  for  several 
years  before  the  lode  deposits  were  discovered.  The  lode  deposits 
came  into  prominence  in  1893,  when  gold  was  found  in  the  August 
mine,  which  at  that  time  was  within  the  boundaries  of  the  Fort 
Belknap  Indian  Reservation.  This  mine  was  worked  quietly  without 
the  knowledge  of  the  Indian  agents,  and  about  $32,000  was  taken  out 
in  sinking  a  shaft  65  feet  deep.  The  following  year  the  Goldbug  and 
other  claims  near  Landusky  were  actively  explored,  the  Goldbug  pro- 
ducing a  small  amount  of  rich  ore.  Subsequently  the  mineral  lands 
were  segregated  from  the  Indian  reservation  and  thrown  open  to 
prospecting.  As  most  of  the  ore  was  hot  of  shipping  grade  the  de- 
velopment of  the  mines  was  slow.  About  $55,000  worth  of  gold  ore 
was  shipped  from  the  Alabama  mine  in  1899  and  1900,  but  aside  from 
these  shipments  the  production  was  practically  nothing  until  the 
spring  of  1903,  when  the  Zortman  cyanide  mill  was  completed.  This 
mill  was  built  by  the  Alder  Gulch  Mining  Company  and  was  supplied 
with  ore  from  the  Alabama  and  Pole  Gulch  mines.  It  was  in  opera- 
tion about  six  months  of  each  year  for  four  years.  In  October,  1907, 
the  mill  was  idle  and  the  mines  of  the  company  were  under  bond  to 
the  Little  Rockies  Exploration  Company,  which  had  a  force  of  men 
doing  exploration  and  development  work. 

The  Ruby  Gulch  mill  was  completed  in  January,  1905,  and  began 
treating  ore  from  the  Independent  mine.  This  mill  was  at  first  a 
100-ton  plant,  but  in  1907  its  capacity  was  increased  to  300  tons  a  day. 
It  has  been  in  successful  operation  ever  since  it  was  built,  and  accord- 
ing to  the  superintendent,  Mr.  E.  E.  Berry,  it  has  produced  about 
$600,000. 

Aside  from  the  returns  from  placer  mining  for  which  authentic 
information  is  not  at  hand,  but  which  were  probably  small,  the  total 
production  of  the  Little  Rockies  is  about  $950,000.  The  average 
annual  production  for  the  last  four  years,  since  the  first  cyanide  mill 
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was  built,  is  a  little  less  than  $200,000.     The  returns  for  1907  will 
probably  show  an  increase  over  this  amount. 

The  location  of  the  various  mines  is  shown  in  fig.  2. 

MINTNG   AND    MILLrNG. 

The  form  of  the  deposits  and  the  character  of  the  ore  favor  very 
low  costs  for  both  mining  and  milling.  The  Mint,  Independent, 
and  Pole  Gulch  mines  are  all  worked  l^y  the  open-cut  method.  The 
ore  falls  to  the  bottom  of  the  hopper-shaped  cavities  and  is  drawn 
through  chutes  into  tunnels  driv;en  under  the  deposits  from  100  to 
200  feet  below  the  outcrop  of  the  ore  bodies.     By  this  method  little 


Montana,  Bbowing  location  of  m 


timbering  is  necessary,  as  the  walls  stand  fairly  well;  and  at  the 
Mint  mine  three  men,  one  on  each  shift,  are  able  to  supply  the  mill 
with  300  tons  of  rock  per  day.  The  ore  is  soft  and  requires  but  little 
breaking  for  passage  through  the  chutes,  though  some  difficulty  is 
experienced  when  the  moisture  content  of  the  ore  is  high.  After 
rains  or  melting  snow,  water  collects  in  the  ore  pits,  forming  a  mud 
with  the  soft  clayey  ore.  With  the  present  method  of  treatment  no 
water  is  added  to  the  ore  until  it  reaches  the  cyanide  tanks,  and 
excessively  wet  ore  is  very  undesirable  because  it  clogs  the  ore  chutes 
and  the  elevators.  The  water  which  reaches  the  open  cuts  is  not 
surface  water  in  the  strict  sense,  but  it  probably  soaks  into  the  ground 


GOLD   IN   LITTLE   ROCKY   MOUNTAINS,   MONTANA.  99 

just  above  the  cuts  and  seeps  out  into  the  ore  chambers  after  a  very 
short  underground  course.  There  is  a  luxuriant  growth  of  small 
pine  trees  surrounding  the  pits  and  this  prevents  surface  drainage. 
The  moisture  content  of  the  ore  could  probably  be  reduced  if  the' 
country  just  above  the  pits  were  cleared  of  vegetation  and  if  a 
number  of  ditches  were  dug  so  as  to  lead  the  surface  water  from 
points  above  the  mine  directly  to  the  deep  gulches  near  by,  and  thus 
prevent  it  from  soaking  into  the  ground  and  so  reaching  the  ore  pits. 

The  Ruby  Gulch  mill  was  the  only  plant  in  operation  in  1907. 
This  is  a  300-ton  cyanide  plant  located  in  Ruby  Gulch,  1^  miles  above 
Zortman.  The  ore  passes  from  a  gravity  tramway  connected  with 
the  mine  through  a  No.  3  Gates  crusher,  from  which  it  passes  over  a 
1-inch  mesh  JeflFries  screen  set  at  an  angle  of  45°.  From  the  screen 
the  undersize  goes  to  the  tanks  and  the  oversize  is  passed  through  a 
set  of  14  by  24  inch  rolls  and  from  these  through  12  by  14  inch  rolls, 
of  which  there  are  two  sets.  From  the  fine  rolls  the  ore  passes  over 
a  1-inch  mesh  impact  screen,  the  fines  going  to  the  tanks  and  the 
coarse  material  being  returned  to  the  same  rolls.  For  leaching  the 
mill  is  provided  with  six  300-ton  tanks  and  six  110-ton  tanks.  The 
usual  period  for  leaching  is  seven  days.  Although  the  screens  used 
for  oxidized  ore  are  1-inch  mesh,  the  angle  at  which  they  set  is  so 
steep  that  the  material  passing  through  is  much  finer.  A  test  on 
screened  ore  showed  that  70  per  cent  of  this  material  would  go 
through  a  12-mesh  screen  after  passing  through  the  mill.  Much  of 
the  ore  is  very  fine  as  it  comes  from  the  mine.  At  one  time  a  300-ton 
tank  was  filled  with  ore  which  had  not  passed  through  the  mill  at  all 
and  a  satisfactory  saving  was  made  after  twelve  days  of  leaching. 
For  the  oxidized  ore  the  saving  is  commonly  90  per  cent,  but  for  sul- 
phide ore  it  is  lower.  The  strength  of  solution  best  adapted  for 
leaching  is  one-twentieth  of  1  per  cent.  The  ores  assay  from  $3  to  $21 
per  ton.  The  average  value  of  the  ore  since  the  mill  was  started  is 
$6.55.  The  usual  cost  of  mining  and  milling  is  said  to  be  as  low  as 
$2  per  ton  when  conditions  are  favorable.  As  the  country  is  remote 
from  a  railroad,  the  cost  of  supplies  is  high.  Steam  power  is  used 
and  wood  is  burned  for  fuel,  at  a  cost  of  $8  a  cord  delivered  at  the 
mill,  which  requires  8  cords  per  day.  The  company  owns  coal  mines 
and  water  rights  on  Rock  Creek,  and  contemplates  the  installation  of 
a  power  plant  and  the  erection  of  a  transmission  line  from  the  coal 
mines  to  the  mill.  The  lime  used  in  the  mill  is  burned  from  the  Car- 
boniferous beds  which  form  a  rim  around  the  mountains  and  it  is 
said  to  be  of  a  satisfactory  quality. 

The  Zortman  mill,  which  is  a  100-ton  cyanide  plant  located  in 
Alder  Gulch,  about  1  mile  west  of  Zortman,  treated  ore  from  the 
Alabama  and  Pole  Gulch  mines.  From  the  Alabama  mine  the  ore 
was  hauled  in  wagons  down  grade  about  1|  miles  to  a  bin  just  below 
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the  mill.  The  ore  was  elevated  by  a  short  tramway  to  the  head  of  the 
mill,  whence  it  passed  to  a  Gates  D  crusher  through  a  double  shaking 
screen,  the  upper  plate  of  which  was  1-inch  mesh  and  the  lower  plate 
§-inch  mesh  for  oxidized  ore  and  J-inch  mesh  for  sulphide  ore.  The 
ore  passing  over  the  screen  was  sent  through  coarse  rolls  and  elevated 
back  upon  the  screen.  The  ore  going  through  the  1-inch  screen  was 
passed  through  finer  rolls  and  thence  was  also  returned  to  the  screen ; 
and  the  ore  passing  through  the  lower  screen  was  sent  over  belt  con- 
veyors into  the  tanks.  The  plant  is  provided  with  five  100-ton  tanks 
for  leaching.  The  usual  period  for  leaching  was  five  days  and  the 
saving  is  said  to  have  been  about  90  per  cent  for  oxidized  ore.  The 
method  of  treatment  was  essentially  the  same  as  at  the  Ruby  Gulch 
mill. 

The  Goldbug  mill  is  located  at  Landuslty.  It  is  equipped  with  a  7 
by  10  inch  Blake  crusher,  10  gravity  stamps,  amalgamation  plates, 
and  two  Frue  vanners.  It  was  built  in  1902  to  treat  the  lower  grade 
ore  of  the  Goldbug  mine,  but  the  saving  was  not  satisfactory  and  only 
a  few  tons  of  ore  were  milled.  The  oxidized  ores  are  easily  cyanided, 
but  only  a  small  percentage  of  the  values  can  be  saved  by  amalgama- 
tion. The  quantity  and  value  of  the  sulphides  in  the  tailings  from  the 
ore,  so  far  as  developed,  are  not  sufficient  to  render  mechanical  con- 
centration profitable. 

GEOIiOGY. 

GENERAL  FEATURES. 

As  has  been  shown  by  Weed  and  Pirsson,  the  Little  Rocky  Moun- 
tains form  a  dome-shaped  uplift  of  sedimentary  and  metamorphic 
rocks  which  has  been  modified  by  the  intrusion  of  a  thick  sheet  of 
porphyry  and  by  the  erosion  of  the  younger  beds  from  the  top  of  the 
dome.  In  its  broader  features  the  structure  is  simple.  As  one  ap- 
proaches the  mountains  from  the  nearly  flat  Cretaceous  beds  which 
underlie  the  surrounding  plains  he  passes  successively  over  beds  of 
greater  age,  and  well  toward  the  interior  of  the  little  mountain  group 
he  encounters  crystalline  schists  which  are  highly  metamorphosed 
and  older  than  any  of  the  bedded  sedimentary  rocks.  The  dip  of  the 
beds  is  outward  from  the  central  axis  of  the  mountains  toward  the 
surrounding  plains,  at  a  greater  angle  than  the  average  slope  of  the 
mountains.  For  this  reason  the  older  beds  are  exposed  toward 
the  center  of  the  group  and  in  general  are  of  higher  elevations  than 
the  younger  beds  that  overlie  them. 

METAMORPHIC  ROCKS. 

The  oldest  rocks  are  crystalline  schists  which  are  exposed  in  the 
deep  gulches  in  the  interior  of  the  mountains  and  at  some  places  on 
the  higher  ridges  near  the  crest.    These  schists  are  of  pre-Cambrian 
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age  and  are  overlain  by  Cambrian  quartzite,  btit  ati  many  places  they 
are  separated  from  the  Cambrian  by  the  intruding^  porphyry.  The 
prevailing  rock  among  the  schists  is  a  dark,  gli^feiiing  hornblende 
schist  or  amphibolite.  Locally  this  is  garnetiferelis^'  and  at  some 
places  rich  in  quartz  and  feldspar.  On  the  road  froiri  Zortman  to 
the  Alabama  mine  the  schists  consist  of  thin  alternatin^'^beds  of  dif- 
ferent character,  and  at  some  places  quartzites  are  included  4n  them, 
showing  that  the  series  is,  in  part  at  least,  of  sedimentary  origin. 

These  rocks  everywhere  have  been  profoundly  metamorphosed. .- 

»    t  " 

■•    ^ 

SEDIMENTARY  ROCKS. 

The  Cambrian  beds  rest  unconformably  upon  the  metamorphic 
rocks  or  are  separated  from  them  by  intruding  porphyry.  At  the 
base  of  the  Cambrian  is  a  quartzite  bed  about  75  feet  thick,  overlain 
by  shales  and  limestone,  making  altogether  a  series  about  500  feet 
in  total  thickness.  Above  the  Cambrian,  with  no  apparent  uncon- 
formity, is  a  succession  of  impure  limestones,  in  which  no  fossils 
have  been  found,  but  which  are  presumably  of  Silurian  or  Devonian 
age.  Resting  upon  these  limestones  are  large  massive  beds  of  white 
or  light-gray  limestone  rich  in  Carboniferous  fossils.  These  rocks 
are  more  resistant  to  erosion  than  the  underlying  limestones  and  form 
a  chain  of  ridges  and  peaks  around  the  mountains,  the  continuity  of 
which  is  interrupted  here  and  there  by  valleys  that  have  been  cut 
through  the  limestone  by  numerous  small  streams  flowing  outward 
from  the  central  mountain  crest.  This  broken  rim  of  Carboniferous 
rocks  is  a  conspicuous  feature  of  the  landscape,  and  it  has  been  aptly 
compared  to  the  limestone  girdle  which  encircles  the  Black  Hills  of 
South  Dakota.  On  the  low  ridges  which  slope  gently  away  from  the 
mountairs  toward  the  plains  the  Jurassic  limestones  overlie  the  Car- 
boniferous beds  and  these  in  turn  are  covered  by  the  Cretaceous  sand- 
stones and  shales.  The  Jurassic  and  Cretaceous  formations  are  not 
known  to  occur  within  the  mountain  group  proper,  but  together  they 
cover  great  areas  of  the  surrounding  plains  and  badlands  country. 

PORPHYRY. 

A  large,  thick  sheet  of  igneous  rock  forms  the  central  axis  of  the 
mountains  and  is  the  country  rock  for  the  most  important  ore  de- 
posits. It  is  composed  of  syenite  porphyry  and  other  closely  related 
varieties  of  alkali-rich  rocks.  This  mass  is  nearly  circular  and  is 
about  6  miles  in  diameter.  Some  of  the  buttes  near  the  outer  rim  of 
the  mountains  are  also  capped  with  porphyry  which  is  separated  by 
limestones  from  the  main  central  mass.  The  intruding  porphyry  is 
limited  so  far  as  known  to  the  crystalline  schists  and  to  the  Cambrian 
beds.    The  horizon  between  the  schist  and  the  Cambrian  quartzite 
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and  that  at  the  top  of*  the  quartzite  and  below  the  Cambrian  shales 
appear  to  have  beeri^pFanes  of  weakness  which  were  especially  favora- 
ble  for  the  intrutUjoTg  rock. 

As  the  structure  of  the  mountains  is  that  of  a  dome,  with  the  dip 
away  from.ttie*; central  axis,  and  as  the  porphyry  is  in  the  main  a 
sheet  intrvifli^d  between  the  sedimentary  beds,  it  also  dips  away  from 
the  center  .of '  the  uplift.  The  highest  peaks  are  capped  with  porphyry, 
but  th^^.  crystalline  schists  also  occur  at  some  localities  near  the  top 
of  thi§  divide  and  they  are  exposed  at  a  large  number  of  places  in 
the.hbllows  of  the  gulches  which  radiate  from  the  center  of  the  moun- 
taitis.  Small  areas  of  both  schists  and  limestones,  some  of  them  only 
'•Jr,<£ew  feet  in  greatest  diameter,  are  entirely  surrounded  by  porphyry 
r/.vand  appear  to  be  isolated  masses  which  were  caught  up  in  the  in- 
.  *v  trusion.  Other  masses  of  limestones  are  probably  remnants,  not  yet 
eroded,  of  the  beds  which  lie  upon  the  porphyry  sheet.  The  porphyry 
appears  to  be  thickest  in  the  central  portion  of  the  mountains  and  to 
thin  out  near  the  margin,  but  its  precise  thickness  has  not  been 
measured,  as  no  favorable  section  was  found.  At  some  places  it  is 
at  least  400  feet  thick,  and  it  may  be  thicker.  The  contact  between 
the  schist  and  porphyry  shows  irregularities  or  warpings  other  than 
the  ordinary  dip  toward  the  margin  of  the  mountains,  and  the  dis- 
tribution of  the  two  rocks  with  respect  to  the  topography  as  shown 
in  fig.  3  is  not  such  as  could  result  if  the  contact  were  simply  a  tilted 
plane.  The  porphyry  sheet  is  an  intrusive  rock  and  is  younger  than 
the  rocks  which  inclose  it.  At  some  places  it  must  have  come  up 
through  the  crystalline  schists  and  at  such  places  its  contacts  with 
that  formation  are  probably  steeply  inclined  or  vertical.  At  the 
point  where  the  porphyry  rose  it  is  likely  to  be  found  to  extend  down- 
ward to  great  depth.  It  is  the  opinion  of  Weed  and  Pirsson  ^  that 
one  of  the  vents  through  which  the  porphyry  rose  is  near  the  Gold- 
bug  mine.  It  is  possible  that  another  vent  is  located  in  the  vicinity 
of  the  Alabama  and  Mint  mines,  for  vertical  workings  in  the  Alabama 
mine  over  500  feet  deep  are  said  to  have  been  entirely  in  porphyry. 
Moreover,  the  contacts  between  the  porphyry  and  the  crystalline 
schists,  as  shown  on  the  map  (fig.  3),  strongly  suggest  crosscutting 
relations  at  this  place. 

The  fresh  unaltered  porphyry  is  commonly  light  gray  in  color,  and 
at  some  places  light  pink  or  purplish  pink.  The  groundmass  is  even 
and  fine  grained  and  practically  all  the  phenocrysts  are  feldspar. 
These  vary  in  size  and  in  some  varieties  of  the  porphyry  they  are 
half  an  inch  long.  No  ferromagnesian  minerals  are  present,  though 
small  dark  specks  show  where  biotite  crystals  have  altered.  At  many 
places  the  porphyry  is  extensively  brecciated  and  cemented  by  ma- 

«0p.  cit,  p.  412. 
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terial  which  is  of  about  the  same  composition  as  the  fragments,  but 
the  cement  is  usually  less  porphyritie  than  the  fragments  which  it 
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Fio.  3. — Sketch  map  oC  a  porUon  ol  (He  Zortman  mining  dlHCrlct,  Little  nock^  Mountalna, 


surrounds.     Under  the  microscope  the  phenocrysts  are  seen  to  be 
orthoclase  and  plagioclase,  and  in  some  vatiftUes  a.  i-e^  ^iwa.'i.  of^ax^-i. 
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phenocrysts  are  present.  The  largest  phenocrysts  are  orthoclase  and 
zonally  built  forms  made  up  of  orthoclase  and  albite.  A  few  striated 
plagioclase  phenocrysts  with  the  composition  of  acid  oligoclase  are 
usually  present.  The  groundmass  is  microcrystalline  and  is  com- 
posed of  alkali  feldspar  and  quartz,  with  fine  particles  of  magnetite. 
The  feldspars  are  slightly  kaolinized;  even  in  the  freshest  rocks 
some  white  mica  has  been  developed,  presumably  as  an  alteration 
product  of  biotite.  More  extensive  alterations  which  have  occurred 
in  the  vicinity  of  the  ore  deposits  are  described  on  page  108. 

The  syenite  porphyry,  granite-syenite  porphyry,  and  granite  por- 
phyry which  make  up  the  central  igneous  mass  appear  to  grade  one 
into  another  and  have  not  been  separated  in  the  field.  On  Montana 
Creek  a  short  distance  north  of  Landusky,  just  below  the  Cambrian 
quartzite  and  between  it  and  the  main  porphyry  mass,  a  dark-green 
porphyry,  possibly  a  contact  phase,  was  examined  by  Weed  and 
Pirsson  and  proved  to  be  tinguaite,  a  variety  of  phonolite. 

ORE  DEPOSITS. 

GENERAL  CHARACTER  AND  STRUCTURAL  RELATIONS. 

The  ore  deposits  of  the  Little  Rocky  Mountains  are  (1)  zones  of 
fractured  porphyry  replaced  and  cemented  by  /juartz  and  pyrite  and 
(2)  replacement  deposits  in  limestone  near  intruding  porphyry. 
The  ore  carries  as  a  rule  from  $3  to  $7  in  gold  and  about  an  ounce  of 
silver  to  the  ton.  Here  and  there  are  small  bodies  of  high-grade 
shipping  ore.  The  most  important  deposits  are  in  the  porphyry  and 
these  fall  naturally  into  two  groups.  One  of  these  is  the  Zortman 
group,  which  includes  the  Mint,  Independent,  and  Alabama  lodes; 
the  other  is  the  Landusky  group,  which  includes  the  Goldbug,  Au- 
gust, and  other  lodes  near  by.  The  Landusky  group  is  about  4  miles 
southwest  of  the  Zortman  group.  All  the  lodes  of  the  Zortman 
group,  so  far  as  known,  trend  west  of  north ;  those  of  the  Landusky 
group  trend  east  of  north. 

There  is  no  evidence  that  the  movements  which  resulted  in  the 
formation  of  openings  that  permitted  the  solutions  to  enter  the 
porphyry  and  deposit  their  burden  produced  spaces  of  any  con- 
siderable size.  These  movements  resulted  rather  in  shearing  and  in 
brecciation  along  fissured  zones,  with  a  large  number  of  small  open- 
ings rather  than  a  single  large  open  space.  The  stresses  were  in 
part  of  a  compressive  character,  for  some  of  the  country  rock  near 
the  Alabama  lode  is  noticeably  sheared.  The  irregular  width,  short 
length,  and  lack  of  definition  of  some  of  the  deposits  in  the  Lan- 
dusky group  may  be  attributed  to  this  cause. 

The  lodes  in  porphyry  range  in  width  from  a  few  inches  to  70  feet. 
Thej  are  not  everywhere  of  a  grade  to  pay  for  working,  but  at  both 
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the  Mint  and  Independent  cuts  it  was  found  profitable  to  mill  the 
lodes  to  a  width  of  more  than  60  feet  for  200  or  300  feet  along  the 
strike  of  the  deposit.  As  the  lodes  are  replacement  deposits  and  grade 
imperceptibly  into  the  porphyry,  it  is  at  some  places  a  very  difficult 
matter  to  determine  what  is  ore  except  by  assaying.  This  is  true 
especially  where  the  barren  porphyry  in  the  mineralized  area  is 
slightly  stained  with  iron  oxide. 

The  lodes  in  the  Zortman  district  appear  to  be  fairly  persistent  in 
length.  One  of  them  has  been  followed  continuously  for  1,200  feet 
along  its  strike,  and  surface  workings  indicate  that  it  is  longer. 
Nearly  all  the  lodes  are  cut  by  fissures,  commonly  called  "walls." 
These  are  as  a  rule  slickensided  and  grooved,  indicating  that  they 


Ka-  *. — Vertical  section  (braugb  the  Independent  lode 


are  planes  of  movement.  At  some  places  crushed  quartz  occurs  along 
them,  which  shows  that  the  movement  was  later  than  the  deposition 
of  the  ore.  They  do  not  determine  the  limits  of  the  ore  body  and 
are  not  walls  in  the  strict  sense  of  the  term.  At  many  places  there 
is  ore  behind  them,  and  some  of  them  cut  across  the  ore  body,  running 
at  one  place  near  the  hanging-wall  side  and  at  another  on  the  foot- 
wall  side.  Many  of  them  split  and  inclose  masses  of  ore  and  country 
rock,  and  some  of  them  cross  the  vein  at  a  considerable  angle.  Fig.  4 
is  a  cross  section  at  the  Independent  open  cut,  showing  two  such 
.fissures  crossing  the  ore  body ;  followed  along  the  strike  these  fissures 
intersect  in  the  lode  a  short  distance  to  the  north  of  the  line  of  the 
section.  Some  of  the  slickensided  planes  follow  the  lodes  with  singu- 
lar'persistence.    One  of  them  can  be  traced  for  1,200  feet  and  in  the 
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entire  distance  does  not  completely  cross  the  ore  body.  This  parallel- 
ism of  the  lodes  and  the  slickensided  planes  seems  to  indicate  that  the 
lodes  are  planes  of  weakness,  and  it  is  an  illustration  of  the  general 
fact  that  fissures  have  a  strong  tendency  to  follow  planes  along  which 
movement  has  already  taken  place. 

It  is  not  good  mining  to  follow  these  fissures  or  "  walls  "  too  closely, 
as  they  leave  the  lode  at  some  places  and  strike  out  into  the  country 
rock,  and  as  they  do  not  everywhere  limit  the  lodes.  Good  ore  may 
be  found  beyond  them  or  on  both  sides  of  them,  and  in  many  places 
frequent  assaying  is  necessary  to  keep  on  the  ore  body. 

The  replacement  deposits  in  limestone  have  not  been  developed 
sufficiently  to  determine  their  character.  So  far  as  known  they  all 
occur  near  the  contact  of  the  limestone  with  the  porphyry,  but  they 
are  not  contact-metamorphic  deposits,  for  the  sedimentary  rocks  near 
the  porhyry  are  not  noticeably  metamorphosed. 

MINERALS  OF  THE  DEPOSITS. 

Gold, — Gold  occurs  in  pyrite  and  in  quartz  and  in  the  oxidation 
products  of  pyrite  ore.  It  is  so  finely  disseminated  that  the  ores  can 
not  be  successfully  amalgamated.  Small  bodies  of  native  gold  the 
size  of  a  pinhead  have  been  found  in  oxidized  ore  from  the  Alabama 
mine,  but  most  of  the  gold  is  not  visible  to  the  naked  eye.  A  gold 
telluride  occurs  in  several  of  the  deposits. 

Silver. — ^Most  of  the  ore  carries  about  an  ounce  of  silver  to  the  ton. 
A  portion  of  the  silver  values  are  recovered  by  the  cyanide  process. 
The  silver  probably  forms  an  alloy  with  the  gold. 

Quartz, — Quartz  is  an  original  constituent  of  the  porphyry,  where 
it  occurs  in  the  main  as  microcrystalline  anhedra  in  the  groundmass. 
Secondary  quartz  replaces  both  the  phenocrysts  and  groundmass  of 
the  porphyry,  and  small  veinlets  of  quartz,  a  fraction  of  a  millimeter 
wide,  are  numerous  in  the  porphyry  near  the  deposits.  The  payable 
ore  at  some  places  is  cut  by  small  veinlets  of  milky  quartz  a  centi- 
meter wide,  which  do  not  carry  gold. 

Feldspars. — The  phenocrysts  of  the  porhyry  are  orthoclase  and 
acid  oligoclase  and  where  the  porphyry  is  not  excessively  altered 
these  minerals  are  abundant  constituents  of  the  ore.  Secondary 
orthoclase  occurs  as  clear  fresh  crystals  which  have  been  deposited 
on  the  older  altered  orthoclase  presumably  by  the  vein-forming 
solutions. 

Magnetite, — Magnetite  is  present  as  minute  bodies  which  are  pri- 
mary constituents  of  the  porphyry  and  as  an  alteration  product  of 
biotite.      No  magnetite  was  noted  in  the  ore  that  replaces  limestone. 

Kaolin, — Kaolin  is  abundantly  formed  through  the  alteration  of 
feldspar,  and  such  alteration  is  not  confined  to  the  vicinity  of  the 
ore  deposits. 
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Sericite. — Sericite,  or  white  mica,  is  an  abundant  constituent  of 
the  ore.  It  occurs  as  minute  foils  replacing  orthoclase  and  is  exten- 
sively developed  in  the  groundmass  of  the  mineralized  porphyry. 

Pyrite, — Pyrite  is  the  only  sulphide  which  was  noted  in  the  ore 
and  in  depth  is  present  in  considerable  quantity.  It  occurs  as  small 
irregular  bodies  and  as  well- formed  crystals  replacing  porphyry,  and 
in  places  in  the  Independent  lode  there  are  masses  of  pure  pyrite  of 
considerable  size.  It  fills  numerous  small  cracks  which  cut  the  re- 
placed porphyry  and  commonly  it  coats  the  fragments  of  the  crushed 
ore.  Fibrous  and  globular  pyrite,  having  the  habit  of  marcasite  but 
of  brassy-yellow  color,  were  noted  in  the  Independent  mine  near  the 
surface. 

Fluorite. — Purple  fluorite  is  present  in  all  the  producing  mines 
and  is  a  conspicuous  mineral,  though  it  forms  only  a  small  portion 
of  the  ore.  It  occurs  as  irregular  bodies  and  as  small  tabular  masses 
along  planes  of  movement  parallel  to  the  lode  and  it  is  usually  asso- 
ciated with  the  ore  of  high  grade.  It  replaces  both  limestone  and 
porphyry.  In  the  porphyry  it  is  as  a  rule  a  more  or  less  earthy 
variety,  and  under  the  microscope  some  of  it  is  colorless.  Fine 
crystals  of  purple  fluorite  are  present  in  the  Pole  Gulch  deposit  in 
limestone. 

Calcite. — Calcite  is  an  abundant  constituent  of  the  deposits  which 
replace  limestone.  The  country  rock  is  more  or  less  marmorized  and 
is  cut  by  the  veinlets  of  white  calcite,  which  are  as  a  rule  less  than  1 
inch  wide.  In  these  deposits  crystals  of  calcite  nearly  half  an  inch 
in  diameter  are  associated  with  quartz  and  fluorite.  The  oxidized 
ores  of  the  lodes  in  porphyry  carrj^  a  trace  of  calcite,  but  none.,  could 
be  found  in  the  sulphide  ore  of  such  lodes. 

Limonite, — Limonite  is  invariably  present  in  the  oxidized  ores  and 
some  of  the  deposits  carry  a  considerable  quantity  of  this  mineral. 
Most  of  it  is  the  earthy  amorphous  variety,  but  here  and  there  a 
pseudomorph  after  pyrite  is  present.  Brecciated  fragments  of  por- 
phyry are  cemented  by  limonite  and  it  coats  fragments  of  crushed  ore. 

Manganese  oxide. — The  dark-brown  powder  which  is  present  in 
some  of  the  ore  is  one  of  the  oxides  of  manganese.  The  presence  of 
this  powder  is  regarded  as  a  favorable  indication  of  values,  as  it  is 
commonly  associated  with  the  high-grade  ore. 

Copper  carbonate, — Small  bunches  of  green  copper  carbonate  are 
present  in  the  oxidized  ore,  but  this  mineral  is  rare. 

REPLACEMENT  PROCESSES. 

The  porphyry  of  Antoine  Butte  is  a  granite-syenite  porphyry. 
The  phenocrysts  are  up  to  5  millimeters  long  and  are  evenly  spaced 
through  the  rock.  A  specimen  collected  by  Weed  and  Pirsson  from 
Antoine  Butte  was  analyzed  by  Dr.  H.  N.  Stokes  in  the  laboratory  of 
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the  United  States  Geological  Survey.*    The  theoretical  composition 
or  norm  calculated  from  this  analysis  gives : 

Norm  of  porphyry  from  Antoine  Butte,  Montana, 

Quartz ^ 0. 20 

Orthoclase . .28 

Albite .  41 

Anorthite .<» 

Water  and  other  constituents .00 

1.00 

The  phenocrysts  are  made  up  of  orthoclase  and  striated  plagio- 
clase — about  the  composition  of  acid  oligoclase.  The  proportion  of 
the  plagioclase  in  the  groundmass  is  very  small.  The  action  of  the 
mineral  solutions  on  this  rock  was  as  follows:  Pyrite  and  quartz 
carrying  more  or  less  gold  partly  replaced  both  phenocrysts  and 
groundmass ;  the  feldspar  phenocrysts  were  altered  partly  or  entirely 
to  sericite  and  kaolin  and  fresh  clear  orthoclase  was  deposited  on  the 
older  feldspars.  Locally  the  porphyry,  especially  where  crushed,  was 
partly  replaced  by  fluorite ;  the  finely  powdered  porphyry  was  almost 
completely  replaced  and  this  now  consists  of  an  intimate  intergrowth 
of  small  square  crystals  of  fluorite  between  the  interstices  of  which 
are  many  minutely  microscopic  bodies  of  quartz. 

OXIDATION  OF  THE  ORE. 

The  primary  ore  is  in  the  main  a  hard,  brittle  porphyry,  carrying 
a  notable  amount  of  pyrite  and  secondary  quartz.  The  fresh,  un- 
altered porphyry  is  a  light-colored  rock  with  a  dense,  fine-grained 
groundmass  showing  practically  no  dark  constituents.  Where  this 
has  been  finely  crushed  the  powder  has  been  completely  replaced,  and 
small  angular  fragments  are  now  surrounded  entirely  by  the  quartz 
and  pyrite.  The  sulphide  ore  is  best  exposed  in  the  lower  workings 
of  the  Independent  lode,  where  at  some  places  sulphide  ore  grades 
into  the  altered  porphyry  without  any  definite  dividing  line  between. 

Near  the  surface  the  pyritiferous  ore  has  oxidized  to  a  variable 
depth.  As  shot  down  in  the  pits  the  harder  ore  consists  mainly  of 
porphyry,  broken  as  a  rule  to  small  angular  fragments  which  are 
covered  more  or  less  completely  with  a  thin  coating  of  iron  oxide  and 
cut  through  with  thin  seams  of  the  same  material.  The  richer  portion 
of  the  ore  is,  however,  either  a  reddish-brown  or  black  material  al- 
most as  fine  as  dust.    . 

The  lower  limit  of  the  zone  of  oxidation  is  at  some  places  200  feet 
below  the  surface.  On  the  Mint  claim  pyrite  is  just  beginning  to  ap- 
pear at  that  depth.     In  the  Independent  open  cut,  oxides  mixed  with 

«  Washington,  H.  S.,  Prof.  Paper  U.  S.  Gedl.  Survey  No.  14,  1903,  p.  147. 
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pyrite  extend  at  some  places  to  the  surface  and  generally  appear  at  a 
depth  of  25  feet  or  less.  In  the  Alabama  mine  the  ore  is  partly  oxi- 
dized at  a  depth  of  400  feet  and  it  contains  a  noticeable  amount  of 
pyrite  at  100  feet.  Exclusive  of  relatively  small  seams  of  finely  pow- 
dered limonitic  and  manganitic  ore,  the  gold  values  in  the  sulphides 
and  in  the  oxides  are  said  to  be  approximately  equal. 

GENESIS  OF  THE  ORES. 

The  ores  were  deposited  as  sulphides  and  probably  by  ascending 
waters.  There  is  a  large  amount  of  calcite  in  the  ore  of  the  replace- 
ment deposits  in  limestone,  but  no  calcite  or  other  carbonate  could 
be  found  in  the  sulphide  ore  of  the  lodes  in  porphyry,  by  either 
chemical  or  microscopic  examination,  and  there  is  only  a  trace  of 
calcite  in  the  oxidized  ore  of  the  lodes  in  porphyry.  A  great  thick- 
ness of  limestone  has  been  eroded  from  above  the  deposits  in  por- 
phyry, for  residual  masses  of  the  limestone  rest  upon  the  porphyry 
and  the  porphyry  mass  is  surrounded  by  a  girdle  of  overlying  lime- 
stone. If  the  solutions  had  been  descending  through  some  higher 
horizon  now  eroded,  they  should  have  passed  through  this  limestone 
and  would  probably  have  dissolved  lime  carbonate  and  redeposited  it 
with  the  ore.  The  absence  of  more  than  a  trace  of  calcite  in  the  oxi- 
dized ore  further  suggests  that  secondary  enrichment  by  waters  de- 
scending through  the  overlying  limestone  into  the  lodes  or  brecciated 
zones  in  porphyry  was  not  a  process  of  ^eat  importance. 

FUTURE  OF  THE  DISTRICT. 

Owing  to  the  great  width  of  the  lodes,  their  linear  extent,  and  the 
depth  to  which  oxidation  has  extended,  the  success  of  the  camp  in 
the  immediate  future  does  not  seem  to  depend  directly  on  the  avail- 
ability of  sulphide  ores.  But  when  the  oxidized  ores  shall  have  been 
exhausted  the  value  and  extent  of  the  sulphide  ores  will  be  a  question 
of  first  importance.  Although  sulphide  ore  of  fair  grade  has  been 
found  in  the  Independent  mine,  this  ore,  because  of  the  greater  dif- 
ficulty of  saving  the  values,  has  not  proved  so  attractive  as  the  oxi- 
dized ores  of  the  Mint  claim,  and  the  workings  in  sulphide  ore  are 
of  small  extent.  The  data  at  present  available  are  insufficient  to  form 
a  sound  basis  for  prediction  as  to  the  extent  of  the  sulphide  ore  in 
depth.  In  this  connection,  however,  two  features  should  be  consid- 
ered—  (1)  the  character  and  extent  of  the  mineralization  of  the  crys- 
talline schists  below  the  porphyry;  (2)  the  thickness  of  the  intruding 
porphyry. 

Concerning  the  character  and  extent  of  the  mineralization  of  the 
crystalline  schists  few  data  are  at  hand.  These  rocks  are,  as  already 
stated,  of  much  greater  age  than  the.  porphyry  which  contains  the 
ore  and  as  they  were  present  when  the  ores  were  deposited  it  is  quite 
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likely  that  they  will  be  found  to  carry  sulphides  where  the  lodes 
cross  them.  Near  the  head  of  Peoples  Creek,  in  one  of  the  tunnels 
of  the  Fergus  Mining  Company,  the  schists  are  locally  replaced  by 
pyrite.  On  the  other  hand,  no  important  deposits  have  yet  been  dis- 
covered in  the  schists  and  they  can  hardly  be  regarded  as  affording 
a  favorable  ore  horizon.  The  vertical  extent  of  the  porphyry,  then, 
is  a  factor  of  economic  importance.  As  already  stated,  the  porphyry 
is  in  the  main  a  sheet  from  300  to  400  feet  thick,  intruded  between 
the  arched  Cambrian  rocks  or  at  the  base  of  these  rocks  above  the 
crystalline  schists.  Necks  through  which  the  porphyry  rose  may  ex- 
tend down^yard  through  the  crystalline  schists  and  at  such  places 
the  thickness  of  the  porphyry  may  be  considerably  greater.  It  is 
possible  that  future  developments  will  show  this  structure  at  the 
Alabama  mine,  where  the  thickness  of  the  porphyry  is  known  to  be 
above  the  average. 

On  the  whole  the  conditions  on  which  costs  depend  are  favorable. 
Owing  to  the  isolation  of  the  locality  and  the  high  cost  of  living, 
labor  has  been  somewhat  higher  here  than  at  most  of  the  other  camps 
in  Montana.  Power  is  expensive  and  the  cost  of  transportation  of  mill 
supplies  is  heavy.  Wood  fuel,  which  has  hitherto  been  the  sole  source 
of  power,  is  not  of  the  best  quality  and  sells  at  a  high  price.  Power 
plants  can  not  be  constructed  as  readily  as  is  possible  in  larger  moun- 
tain groups,  as  the  streams  which  drain  the  Little  Rockies  are  small. 
Good  coal  is  said  to  occur  on  the  plains  to  the  south  of  the  mountains 
and  this  seems  to  be  the  most  available  source  of  power.  The  form 
and  character  of  the  ore  deposits  themselves  favor  unusually  low 
costs. 

DETAII.1CD    J>ESCRIPTIONS. 

MINT  MINE. 

The  Mint  mine  is  located  near  the  head  of  Ruby  Gulch,  about  2,000 
feet  northwest  of  Whitcomb.  It  is  owned  by  the  Ruby  Gulch  Mining 
Company  and  is  the  most  productive  deposit  in  the  Zortman  district. 
It  has  yielded  more  than  $350,000  worth  of  gold  and  silver.  The  lode 
followed  northward  crosses  the  crest  of  the  mountains  and  ore  has 
been  discovered  on  both  sides  of  the  divide,  but  the  main  workings 
are  on  the  southern  slope.  The  lowest  level  is  an  adit  driven  west- 
ward about  150  feet  to  the  lode.  From  the  point  of  intersection  the 
lode  is  followed  southwaj-d  from  the  adit  for  200  feet  and  northward 
for  about  800  feet.  Several  raises  are  turned  from  this  adit  and  are 
used  to  draw  ore  from  the  open  cut  above,  which  at  its  highest  point 
is  about  180  feet  above  the  level  of  the  adit.  The  Carter  tunnel  is  175 
feet  higher  than  the  main  working  tunnel  and  is  driven  northward 
aiong  the  ore  body  for  400  feet.    What  is  presumably  the  same  ore 
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body  is  opened  by  surface  workings  at  two  or  three  places  north  of 
the  north  end  of  the  adit. 

The  country  rock  is  porphyry,  which  constitutes  the  main  central 
axis  of  the  mountains.  The  crystalline  schists  outcrop  both  to  the 
west  and  to  the  east  of  the  lode,  only  a  few  rods  away  on  either  side. 
Their  position  is  shown  in  fig.  3  (p.  103) .  A  broken  line  in  this  figure 
indicates  that  though  the  lode  is  known  to  be  present  its  width  is 
unknown  at  such  places. 

The  lode  is  a  zone  of  shattered,  cemented,  and  replaced  porphyry. 
Its  average  strike  is  N.  28°  W.  and  it  is  approximately  vertical.  As 
mined  it  is  from  20  to  70  feet  wide. 

The  ore  is  highly  oxidized  throughout  the.  explored  portion  of  the 
lode.  In  a  winze  sunk  in  ore  75  feet  below  the  level  of  the  lowest 
tunnel,  giving  a  depth  of  200  feet  below  the  surface,  no  sulphides 
whatever  appear,  and  only  small  bunches  of  pyrite  occur  here  and 
there  at  the  north  breast  of  the  tunnel,  which  is  about  an  equal  dis- 
tance below  the  surface.  The  ore  as  mined  is  in  the  main  finely  shat- 
tered and  decomposed  porphyry,  covered  with  a  thin  coating  of  iron 
oxide.  Some  of  the  porphyry  is  highly  silicified.  The  ore  carries 
from  $3  to  $21  in  gold  and  about  1  ounce  of  silver  to  the  ton,  the 
general  average  as  shown  by  mill  runs  being  $6.55.  The  richest 
parts  of  the  lode  are  rudely  tabular  bodies  of  finely  pulverized  red 
or  chocolate-brown  ore,  which  when  damp  has  the  plasticity  of  clay. 
These  bodies  are  approximately  parallel  to  the  lode  and  are  from  6 
inches  to  6  feet  wide.  Generally  they  occur  along  planes  of  move- 
ment. Bunches  of  earthy  fluorite  occur  here  ajid  there  in  the  high- 
grade  ore  and  some  of  them  carry  high  values. 

The  open  cut  above  the  adit  is  300  feet  long  and  workable  ore  is 
said  to  extend  beyond  the  cut  at  each  end,  making  a  shoot  of  workable 
ore  which  is  altogether  600  feet  long.  North  of  this  ore  shoot  is  a 
block  of  ore  which  is  of  too  low  grade  to  be  worked  with  profit,  but 
still  farther  north  the  tunnel  passes  through  another  body  of  profit- 
able ore  whose  dimensions  have  not  been  ascertained.  The  main  adit 
is  nearly  everywhere  driven  along  a  slickensided  plane  which  per- 
sistently follows  the  lode  and  which  may  be  traced  continuously  for 
1,000  feet.  This  plane  of  movement  is  east  of  the  ore  at  most  places 
and  it  dips  to  the  west,  hence  it  is  regarded  as  the  foot  wall  of  the 
vein,  though  the  ore  occurs  below  it  at  many  places.  Another  slick- 
ensided plane  in  the  lower  tunnel  is  crossed  by  slickensided  slips  at 
right  angles.  These  slips  do  not  displace  the  fissures,  which  run 
nearly  parallel  with  the  lode,  nor  are  they  displaced  by  them  to  a 
notable  extent. 

INDEPENDENT  MINE. 

The  Independent  mine,  which  is  situated  about  1,200  feet  south  of 
the  Mint,  is  also  owned  by  the  Ruby  Gulctv  M.\xvm%  Ccs«v?§^\s^ .  XV^ 


112         COJffTBIBUTIONS  TO  ECONOMIC  GEOLOGY,  1907,  PABT  I. 

deposit  closely  resembles  that  of  the  Mint  mine,  and  it  is  possible  that 
the  two  mines  are  on  the  same  lode,  although  the  connection  has  not 
been  definitely  established.  The  ore  is  worked  from  an  open  cut,  225 
feet  long,  110  feet  deep,  and  from  10  to  70  feet  wide.  An  adit  is 
driven  to  the  bottom  of  this  cut  and  another  one  125  feet  below  it. 
The  lower  adit,  driven  northwestward,  intersects  the  lode  250  feet 
from  the  portal  and  follows  it  for  300  feet.  The  ore  is  drawn  through 
chutes  to  the  lower  tunnel  and  is  hauled  over  a  level  tramway  to  the 
mill. 

The  lode  is  a  shear  zone  in  porphyry.  Near  the  surface  the  ore  is 
oxidized  and  is  of  the  same  general  character  as  that  of  the  Mint 
mine,  but  contains  less  fine  material.  The  difference  in  the  amount  of 
oxidation  of  the  two  deposits  is  very  noticeable.  In  the  Independent 
open  cut  the  pyrite  extended  at  one  place  to  the  surface  and  it  is  gen- 
erally encountered  at  a  depth  of  not  more  than  25  feet.  At  100  feet 
in  depth  the  ore  is  essentially  all  pyrite.  The  mixed  oxide  and  sul- 
phide ore  is  said  to  carry  about  $6.50  in  gold,  and  the  unoxidized  ore 
below  the  sulphide  ore  runs  a  little  lower.  Postmineral  fissures  cut 
the  ore  body,  as  in  the  Mint  mine,  but  in  the  Independent  they  do 
not  follow  the  lode  so  closely.  Two  such  fissures  which  intersect  at  a 
large  angle  along  their  strike  may  be  plainly  seen  on  the  surface 
above  the  open  cut.  There  is  ore  on  both  sides  of  these  fissures,  as 
shown  in  fig.  4  (p.  105),  which  is  a  cross  section  of  the  Independent 
at  the  open  cut. 

ALABAMA  MINE. 

The  Alabama  mine  is  near  the  head  of  Kuby  Gulch,  about  1,500 
feet  west  of  the  Independent  mine.  It  is  owned  by  the  Alder  Gulch 
Mining  Company,  and  when  visited  in  October,  1907,  was  under 
bond  to  the  Little  Rockies  Exploration  Company,  which  had  a  force 
of  men  engaged  in  exploration.  The  mine  is  said  to  have  produced 
about  $200,000  worth  of  ore,  of  which  the  richer  portion  was  shipped 
to  smelters  and  that  of  the  lower  grade  was  milled  at  the  Zortman 
mill  on  Alder  Gulch. 

A  crosscut  tunnel  reaches  the  lode  some  300  feet  from  the  portal 
and  follows  it  northward  for  about  1,000  feet.  From  this  tunnel  a 
raise  extends  to  the  surface  a  distance  of  about  255  feet,  and  a  winze 
is  sunk  near  the  bottom  of  the  raise  to  a  depth  of  250  feet.  Levels 
are  turned  in  the  lode  at  intervals  of  50  feet.  When  the  mine  was 
visited  the  levels  150  feet  below  the  adit  were  under  water. 

The  lode  is  a  shear  zone  in  porphyry.  The  ore  is  a  brecciated 
porphyry,  replaced  and  cemented  by  quartz,  pyrite,  and  other  min- 
erals. On  the  surface  the  ore  is  completely  oxidized  and  at  places 
it  is  partly  oxidized  400  feet  below  the  surface.  A  streak  of  rich 
ore  composed  in  part  of  purple  fluorite  has  furnished  a  large  part 
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of  the  shipping  ore.  Some  of  this  ore  shows  specks  of  free  gold, 
but  part  of  the  gold  is  a  telluride  and  panning  does  not  reveal  its 
presence  until  after  it  has  been  roasted.  The  rich  streak  seems  to 
have  undergone  more  movement  than  the  remainder  of  the  lode  and 
it  is  as  a  rule  greatly  crushed.  It  is  from  a  few  inches  up  to  2  feet 
wide,  but  it  has  not  been  found  throughout  the  length  of  the  ore 
body. 

The  average  strike  of  the  lode  is  N.  12°  W.  and  it  dips  about  87° 
W.  Its  maximum  width  is  30  feet.  The  principal  ore  shoot  is  just 
north  of  the  winze,  and  on  some  of  the  levels  is  about  250  feet  long. 
It  has  been  stoped  downward  to  a  depth  of  about  450  feet.  To  the 
north  of  this  ore  shoot  workable  ore  has  been  found  here  and  there 
in  the  adit  tunnel,  and  at  the  north  breast  of  this  tunnel,  which  is  400 
feet  below  the  surface,  the  face  carries  8  inches  of  dark  sulphide  ore 
that  assays  $14  in  gold.  Across  the  breast  for  a  width  of  5  feet  the 
average  value  is  $3,  exclusive  of  the  rich  streak.  In  the  raise  from 
the  adit  to  the  surface,  at  a  depth  of  50  feet,  the  ore  consists  of  mixed 
iron  oxides  and  pyrite.  The  groundmass  of  the  replaced  porphyry 
is  a  black,  flinty,  pyritif erous  ore,  and  large  crystals  of  feldspar  have 
been  leached  out,  leaving  distinct  negative  crystal  forms,  the  largest 
of  which  are  about  half  an  inch  long.  Some  of  these  are  now  filled 
with  spongy  reddish-brown  silica,  which  carries  high  values  in  gold. 
Other  feldspar  cavities  do  not  contain  quartz  but  are  parlly  filled 
with  soft  wJiite  kaolin.  Postmineral  fissures  follow  the  vein  closely, 
forming  the  so-called  walls.  Some  of  these  are  thin,  knife-edge 
seams,  grooved  here  and  there  and  case-hardened  on  the  sides.  At 
some  places  the  ore  along  them  is  much  brecciated  and  locally  reduced 
to  a  soft  mass,  cut  through  here  and  there  by  narrow  veinlets  of 
barren  white  quartz.  One  of  the  most  persistent  of  the  fissures  ap- 
pears to  form  the  boundary  of  the  lode  on  its  east  side.  From  the 
surface  to  the  bottom  of  the  255-foot  raise  on  the  adit  level  it  dips 
from  85°  to  89°  W.  Near  the  adit  level  it  rolls,  the  dip  changing  to 
70°  to  85°  E.    The  richest  ore  occurs  near  this  fissure. 

On  the  surface  above  the  mine,  about  100  feet  northwest  of  the  top 
of  the  raise  from  the  adit  to  the  surface,  a  shaft  has  recently  been 
sunk  in  iron-stained  sheared  and  brecciated  porphyry  which  is  said 
to  carry  $20  to  the  ton  in  gold.  This  ore  is  apparently  independent 
of  that  encountered  in  the  older  workings,  but  the  present  develop- 
ments do  not  show  the  character  or  outlines  of  this  ore  body. 

BIG  CHIEF  CLAIM. 

The  Big  Chief  claim  is  west  of  the  Mint  and  north  of  the  Alabama 
mine,  near  the  crest  of  the  main  divide  of  the  mountains.  It  has 
been  prospected  by  several  trenches,  surface  pits,  and  shallow  shafts, 
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some  of  which  were  inaccessible  in  1907.  A  tunnel  is  driven  west- 
ward 410  feet  into  the  mountain,  following  a  smooth  plane  of 
movement  which  strikes  N.  73°  W.  and  dips  about  67°  S.  Eighty 
feet  from  the  portal  the  tunnel  is  intersected  by  an  incline  which 
is  also  sunk  on  the  slickensided  plane. 

The  country  rock  is  granite-syenite  porphyry,  sheeted  and  stained 
by  iron  oxide  on  fracture  planes  and  locally  silicified.  The  shat- 
tered porphyry  is  said  to  carry  gold. 

POLE  GULCH  MINE. 

The  Pole  Gulch  mine  is  3,500  feet  S.  10°  E.  of  the  Zortman  mill, 
with  which  it  is  connected  by  a  level  tramway.  The  south  end  of 
the  tramway  is  laid  in  an  adit  that  is  driven  southward  800  feet  to 
a  j)oint  below  the  ore  body.  The  country  rock  is  limestone  and  all 
the  mining  has  been  done  near  the  surface,  mainly  by  the  open-cut 
'method.  The  caved  stopes  and  open  cuts  are  at  most  places  contin- 
uous and  make  a  large,  shallow,  irregular  cavity  about  200  feet 
wide  and  325  feet  long.  The  limestones  encountered  in  the  adit  are 
grayish  buff  in  color  and  dip  about  15°  SE.  They  are  marmorized 
and  to  some  extent  replaced  by  quartz.  When  the  mine  was  visited 
most  of  the  underground  workings  below  the  ore  body  had  caved 
and  their  relation  to  the  structure  could  not  be  satisfactorily  made 
out.  At  some  places  the  deposits  appeared  to  follow  the  bedding ' 
planes  of  the  limestone  and  at  other  places  to  cut  across  the  bedding. 
The  ore  is  soft  and  partly  decomposed  limestone,  locally  silicified 
and  stained  with  iron  oxides.  Bunches  of  earthy  purple  fluorite 
occur  here  and  there  and  are  regarded  as  indicative  of  good  ore. 
The  mill  runs  are  said  to  have  averaged  from  $3  to  $4  a  ton. 

BEAVER  CREEK  DEPOSITS. 

On  Beaver  Creek,  2  miles  northeast  of  the  Mint  mine,  there  is  a 
large  body  of  limestone  about  a  mile  long  which  is  nearly  or  entirely 
surrounded  by  porphyry.  Where  best  exposed  the  limestone  dips  34° 
NW.  In  several  small  excavations  bodies  of  low-grade  ore  have  been 
found.  When  the  camp  was  visited  in  1907  very  little  work  had  been 
done  on  these  deposits,  but  they  had  recently  been  sold  to  the  Ruby 
Gulch  Company  for  $20,000  and  this  company  was  planning  extensive 
developments  in  the  near  future.  The  principal  deposit  is  near  the 
north  contact  of  the  limestone  and  porphyry.  It  appears  to  strike 
westward  and  where  developed  is  of  considerable  width.  In  the  most 
extensive  tunnel  the  ore  body  is  45  feet  across  and  is  said  to  average 
$5  in  gold  to  the  ton.  What  is  possibly  the  same  lode  is  encountered 
in  two  short  tunnels  about  800  and  1,400  feet  to  the  west,  where  the 
altered  country  rock  tor  15  feet  is  said  to  carry  $4  in  gold  to  the  ton. 
T/ie  ore  consists  of  decomposed^  iron-stained  limestoii^,  ^^oxvgj  btON^n 
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silica,  and  black  cherty  silica.  The  deposits  are  probably  not  of  con- 
tact-metamorphic  origin,  for  the  limestone  near  by  does  not  show  any 
marked  effect  of  contact  metamorphism. 

CLAIMS  OF  THE  FERGUS  MINING  COMPANY. 

The  Fergus  Mining  Company  has  a  large  group  of  claims  near  the 
head  of  Peoples  Creek.  They  are  for  the  most  part  in  porphyry,  but 
some  of  the  workings  are  in  the  crystalline  schists.  The  principal 
tunnel  is  driven  into  the  hill  N.  17°  E.  for  270  feet.  At  the  breast  a 
portion  of  the  wall  rock  is  a  hard,  glistening  amphibole  schist,  carry- 
ing considerable  pyrite.  Higher  on  the  hill  several  pits  and  short 
tunnels  are  driven  along  zones  of  fractured  porphyry  stained  by  iron 
oxide  and  said  to  carry  gold. 

GOLDBUG  MINE. 

The  Goldbug  mine  is  located  about  1^  miles  northwest  of  Landusky, 
on  the  ridge  between  Mill  Creek  and  Montana  Creek.  It  has  been 
worked  now  and  then  since  1893  and  small  shipments  of  rich  ore  were 
made  in  1904.  In  1902  a  10-stamp  amalgamating  mill  was  built  at 
Landusky  to  treat  the  lower-grade  ore,  but  this  process  was  appar- 
ently not  successful,  as  only  a  small  amount  of  ore  was  treated.  Five 
gold-bearing  lodes  are  said  to  have  been  discovered  on  the  property. 
None  of  these,  so  far  as  developed,  is  extensive.  The  deposits  are 
sheared  and  brecciated  zones  in  porphyry  and  as  a  rule  strike  north- 
eastward. They  have  been  prospected  at  several  places  by  short  tun- 
nels and  open  cuts  and  some  stoping  has  been  done.  The  stopes  are 
short  and  range  from  a  few  inches  to  several  feet  in  width.  The  ore 
consists  of  shattered  porphyry  and  quartz  cemented  by  quartz  and 
limonite,  and  some  of  the  porphyry  is  replaced  by  quartz.  Fluorite, 
pyrite,  and  tellurium  minerals  occur  here  and  there.  At  some  places 
well-defined  slickensided  planes  form  the  walls  of  the  lodes. 

AUGUST  MINE. 

The  August  mine  is  about  three-fourths  of  a  mile  north  of  the 
Goldbug.  It  was  worked  secretly  in  the  winter  of  1893,  while  the 
ground  was  yet  within  the  Fort  Belknap  Indian  Reservation,  and 
$32,000  worth  of  rich  gold  ore  was  taken  out  in  sinking  a  shaft  65 
feet  deep.  Since  then  it  has  produced  very  little  ore.  Jn  1907  it  had 
the  appearance  of  a  mine  which  has  long  been  idle.  The  deposit  is 
similar  to  that  of  the  Goldbug  mine  and  the  ore  consists  of  brecciated 
porphyry  cemented  by  quartz  and  highly  stained  by  limonite.  North- 
east of  the  August  mine  a  number  of  short  tunnels  have  been  driven 
on  iron-stained  sheeted  zones  of  porphyry.  These  zones  commonly 
show  grooved,  slickensided  surfaces,  the  general  trend  of  which  is 
about  N.  35^  E. 
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ELLA  C.  CLAIM. 

The  Ella  C.  claim  is  situated  between  the  Goldbug  and  August 
mines.  The  lode  is  a  sheeted  zone  in  porphyry  which  strikes  N.  35^ 
to  40*^  E.  This  zone  is  about  2  feet  wide,  is  composed  of  fragments 
of  porphyry  cemented  by  quartz  and  limonite,  and  is  said  to  carry 
$20  a  ton  in  gold. 

SUSIE  CLAIM. 

• 

The  Susie  claim,  which  is  a  short  distance  southeast  of  the  August 
mine,  is  owned  by  C.  R.  Liebert  and  Peter  Sieh.  The  lode  strikes 
northeastward  and  is  explored  in  several  shallow  pits.  It  is  a  brec- 
ciated  zone  of  altered  porphyry  that  has  been  recemented  by  iron 
oxide  and  quartz,  which  carry  gold.  A  slickensided  fissure  with 
hard,  polished  surfaces  coincides  approximately  with  the  hanging 
wall  of  the  lode.  This  fissure  strikes  N.  43°  to  67°  E.  and  dips  about 
47°  SE.  Below  the  fissure  the  lode  is  from  G  inches  to  3  feet  wide 
and  is  said  to  carry  $15  in  gold  to  the  ton. 


GEOLOGY  AND  MINERAL  RESOURCES  OF  THE  OSCEOLA 
MINING  DISTRICT,  WHITE  PINE  COUNTY,  NEV. 


By  F.  B.  Weeks. 


INTRODUCTION. 

As  a  part  of  the  general  reconnaissance  of  the  Great  Basin  region 
the  geology  of  the  region  was  studied  by  J.  E.  Spurr  «  in  the  summer 
of  1899  and  by  the  writer  in  1900.  The  geologists  of  the  Wheeler 
Survey  *  also  published  some  general  observations  on  the  region.  A 
portion  of  October,  1907,  was  spent  by  the  writer  in  making  a  more 
detailed  study  of  the  geology  and  mineral  resources  of  the  Osceola 
mining  district. 

GENERAL  DESCRIPTION  OF  THE  SNAKE  RANGE. 

The  Snake  Eange,  in  which  is  located  the  Osceola  mining  district, 
is  one  of  the  most  prominent  and.  extensive  mountain  ranges  between 
the  Wasatch  and  the  Sierra  Nevada.  It  extends  between  latitude 
38°  30'  and  40°  30',  a  distance  of  135  mil.es  parallel  to  and  a  little 
west  of  the  Utah-Nevada  boundary.  (See  fig.  5.)  As  an  orographic 
feature  it  comprises  the  Deep  Creek  or  Ibanpah  Eange  and  the  con- 
necting hills  designated  as  Kern  Mountains  on  the  map  of  the 
Wheeler  Survey.  The  Snake  Range  is  about  10  miles  in  width.  The 
interior  portion  has  been  eroded  into  sharp  ridges  trending  in  general 
with  the  range,  and  the  east  and  west  flanks  descend  in  steep  slopes 
or  bold  escarpments  to  the  valleys  below.  Snake  Valley  occupies  a 
broad  depression  on  the  east  and  opens  into  the  southwest  end  of 
Great  Salt  Lake  desert.  Spring  Valley,  west  of  the  Snake  Range, 
extends  from  the  Cedar  Eange  on  the  south  to  the  so-called  Kern 
Mountains  on  the  north.  The  difference  in  elevation  between  the 
valleys  and  the  highest  part  of  the  range  is  about  6,000  feet.  The 
rugged  character  of  the  range  makes  it  a  formidable  barrier  to  east 
and  west  travel.    There  are  only  four  natural^asses  which  afford  a 

«Bull.  U.  S.  Geol.  Survey  No  208,  1903,  pp.  25-36. 

*  Kept.  V.   S.  Geog.  Surv.  W.  100th  Mer.,  vol.  3,  1875,  pp.  240-242. 
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practicable  route  for  wagon  roads.  The  highest  summit  of  the  range 
is  Wheeler  Peak  (locally  known  as  Jeff  Davis  Peak) ,  which  has  an 
elevation  of  12,000  feet.  In  the  region  of  the  Osceola  mining  district 
the  range  presents  an  abrupt  face  to  the  west  and  a  long,  gentle  slope 
to  the  east. 

Upon  a  basement  complex  of  granite  and  schist,  only  a  small  area 
of  which  is  exposed,  there  has  been  deposited  a  series  of  Paleozoic 


FlO.   S. — Uap  showing   location  <i 


sediments  from  8,000  to  10,000  feet  in  thickness.  As  shown  by  their 
fossils  the  strata  "were  laid  down  in  Cambrian,  Ordovician,  and  Car- 
boniferous time,  a  long  interval  of  nondeposition  occurring  through- 
out the  Silurian  and  Devonian  jwriods.  Some'  beds  of  unknown 
age  may  represent  the  Mesozoic  era,  but  the  evidence  is  inconclusive. 
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On  the  lower  slope  of  the  range  in  certain  areas  there  are  sands  and 
gravels  which  lie  above  the  Lake  Bonneville  beds  and  which  were 
probably  laid  down  in  late  Tertiary  time.  At  the  north  end  of  the 
range  terraces  of  the  Pleistocene  Lake  Bonneville  have  been  noted. 
It  seems  probable  that  from  Carboniferous  time  to  the  present  the 
greater  part  of  this  area  has  been  subject  to  erosion. 

Considerable  bodies  of  igneous  materials  are  exposed  in  the  north- 
ern and  central  portions  of  the  range.  These  igneous  masses  intruded 
Carboniferous  strata  and  so,  in  part,  at  least,  are  Mesozoic  or  younger. 

The  prominent  structural  feature  of  the  range  is  a  dome  in  the 
region  of  Wheeler  Peak,  which  both  to  the  north  and  to  the  south 
passes  into  anticlinal  folds  whose  axes  in  general  trend  with  that  of 
the  range.  This  structure  has  been  subsequently  modified  by  com- 
pression and  faulting  and  by  the  intrusion  of  igneous  masses,  so  that 
the  sedimentary  beds  generally  have  steep  dips  and  are  in  many  lo- 
calities separated  by  considerable  displacements.  This  is  especially 
true  in  the  region  of  the  Osceola  mining  district. 

OSCEOXiA  MINING  DISTRICT. 

SITUATION  AND  PHYSICAL  FEATURES. 

This  mining  district  is  about  35  miles  east  of  Ely,  Nev.,  the  south- 
ern terminus  of  the  Nevada  Northern  Railroad.  It  includes  the  crest 
and  western  slope  of  the  Snake  Range  in  the  vicinity  of  Osceola.  The 
east- west  wagon  road  through  the  district  is  th<f  principal  route  of 
travel  between  Utah  and  central  Nevada.  Near  the  summit  on  the 
eastern  side  the  road  forks,  a  branch  leading  over  the  Sacramento 
Pass  and  descending  to  Spring  Valley  on  the  west. 

The  principal  drainage  lines  in  the  mining  district  are  Dry  Gulch 
and  Mary  Ann  Canyon  and  along  them  and  in  their  alluvial  fans 
occur  the  most  important  placer  deposits.  The  stream  beds  are  dry 
during  most  of  the  year.  About  one-fourth  mile  above  Osceola,  near 
the  wagon  road,  are  several  small  ^springs  and  a  small  stream  flows 
from  the  mouth  of  the  New  Moon  mine.  The  elevation  of  the  dis- 
trict ranges  from  6,000  to  9,600  feet  above  sea  level.  The  region  is 
arid,  the  principal  precipitation  being  in  the  form  of  snow. 

GENERAL  GEOLOGY. 

The  distribution  of  the  rocks  in  this  district  is  shown  in  the  sketch 
map  forming  fig.  6,  and  a  general  section  is  given  in  the  following 
table. 
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General  geologic  section  of  the  Osceola  mining  dixtrict. 
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Fig.  7  is  a  cross  section  showing  the  structural  relations  along  a 
line  crossing  Dry  Gulch. 

A  short  distance  south  of  the  mining  district  and  near  the  crest  of 
the  range  is  an  area  of  granite  and  schist  overlain  by  a  coarse  con- 
glomerate which  grades  into  a  compact  argillaceous  rock  resembling 
argillite.  The  argillite  is  succeeded  by  a  series  of  quartzites  which 
pass  into  shales  containing  an  OUnellus  fauna.  It  appears  from 
these  observations  that  there  is  exposed  here  a  small  area  of  the  base- 
ment complex  rocks.  Their  structure  has,  however,  been  broken  by 
an  intrusive  mass  composed  largely  of  gray  and  red  granite  por- 
phyry which,  north  of  the  road  crossing  the  range  to  Osceola,  has 
penetrated  through  strata  of  possible  Carboniferous  age."  On  the 
divide  north  of  Wheeler  Peak  certain  observations  made  in  an  area 
of  poor  rock  exposures  indicate  that  the  granite  porphyry  cuts 
through  the  granites  and  schists  of  supposed  Archean  age,*  These 
Archean  rocks  are  much  finer  in  grain  and  generally  more  basic  than 
the  intrusive  rocks.     By  the  presence  of  sheared  zones  and  general 
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schistose  structure  they  bear  evidence  of  stresses  and  strains  which 
were  not  observed  in  the  intrusive  granite  porphyry. 

The  conglomerate  which  overlies  the  basement  complex  is  about 
100  feet  thick  and  is  formed  of  large  subangular  pebbles  and  bowlders 
derived  from  the  older  rocks.  The  conglomerate  pebbles  gradually 
become  more  rounded  and  smaller  in  size,  argillaceous  material  form- 
ing a  considerable  portion  of  the  rock,  which  passes  into  a  massive 
bedded  argillite.  The  argillaceous  series  is  about  700  to  800  feet 
thick  and  is  well  exposed  on  the  eastern  slope  of  the  high  ridge  that 
forms  the  crest  of  the  range  east  of  Osceola. 

In  this  region  the  dip  ranges  from  2.5"  to  40°  NW."  and  where  the 
strata  are  cut  by  the  intrusive  porphyry  they  have  been  altered  for 
the  most  part  into  a  bluish-gray,  generally  schistose  rock  that  has 
been  called  "  silvery  slate."  This  series  is  overlain  by  gray  and  white 
fine-grained  quartzites.  The  beds  have  been  thoroughly  silicified  and 
contain  many   veinlets  of  probably  secondary  quartz.     They   have 
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also  been  subjected  to  compression  and  numerous  extensive  belts  of 
cross  fracturing  have  been  developed  in  which  the  quartzite  has  been 
broken  into  small  angular  fragments.  The  quartzite  series  has  been 
estimated  to  be  2,500  feet  in  thickness.  In  the  upper  part  of  these 
beds  occur  the  gold  deposits  and  from  the  erosion  of  their  outcrop- 
ping edges  the  placer  deposits  in  and  along  the  sides  of  the  gulches 
and  in  the  alluvial  fans  have  been  formed. 

The  quartzite  is  succeeded  by  about  150  feet  of  green  sandy  and 
argillaceous  shales.  Where  the  outcrop  of  these  beds  crosses  the 
south  end  of  the  ridge  facing  Spring  Valley  fossils  of  Olenellus  type 
were  found.  These*  are  the  lowest  beds  in  which  fossils  are  known 
to  occur,  though  careful  search  was  made  for  them  in  the  argillite. 

Above  the  shale  series  occur  dark-blue  and  gray  limestones  about 
1,000  feet  thick.  The  individual  beds  range  from  1  to  3  feet  in  thick- 
ness, but  in  the  crest  of  the  ridge  facing  Spring  Valley  there  are  about 
100  feet  of  thin-bedded  and  shaly  blue  limestones.  The  dark-blue 
limestones  immediately  overlie  the  shales  and  for  the  most  part  are 
crystalline  or  semicrystalline  and  contain  numerous  calcite  veins. 
The  gray  limestone  is  comparatively  pure  and  ranges  from  dark  gray 
to  white  in  color.  Fossils  have  been  collected  at  several  horizons  in 
the  limestone  series  on  the  east  and  north  slopes  of  the  ridge  facing 
Spring  Valley  and  these  have  been  determined  as  forms  character- 
istic of  the  middle  and  upper  Cambrian.^ 

Within  the  area  of  this  mining  district  there  are  no  other  sedimen- 
tary rocks  except  the  recent  deposits  in  which  occur  the  placers. 
These  deposits  are  from  a  few  inches  to  80  feet  thick.  The  gravel 
ranges  from  fine  to  coarse  and  contains  few  large  bowlders. 

HISTORY  OF  MINING  DEVELOPMENT. 

In  1877  work  was  begun  on  the  placer  deposits  of  Dry  Gulch.  A 
few  quartz  locations  were  made  prior  to  that  time.  It  is  reported 
that  300  to  400  miners  were  working  on  the  placers  during  1877  to 
1880  and  during  the  latter  year  400  placer  and  lode  locations  were  on 
record.  The  important  placer  properties  in  Dry  Gulch  became  the 
property  of  the  Osceola  Gravel  Mining  Company,  subsequently 
known  as  the  Osceola  Placer  Mining  Company,  in  the  early  eighties. 
Prior  to  1890  this  company  had  constructed  two  ditches  approximat- 
ing 34  miles  in  length,  at  a  cost  of  about  $200,000.  The  operations 
of  this  company  and  of  individuals  continued  until  about  1900,  when 
on  account  of  light  snowfall  and  the  loss  in  efficiency  of  the  ditch 
from  leaky  flumes  and  other  causes  work  was  discontinued. 

The  alluvial  fan  which  spreads  out  from  the  mouth  of  Mary  Ann 
Canyon,  in  the  southern  part  of  the  district,  is  locally  known  as 

Tossils  mentioned  in  this  report  have  been  determined  by  Mr.  Charles  D.  Walcott. 
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Hogum.  Here  pay  gravel  was  found  several  years  after  the  dis- 
coveries in  Dry  Gulch  and  the  deposits  have  been  worked  intermit- 
tently since  that  time. 

Several  attempts  have  been  made  to  work  the  gold-quartz  prop- 
erties on  a  small  scale.  Three  mills  of  5,  10,  and  20  stamps  have 
been  erected  and  operated,  but  none  of  them  has  been  commercially 
successful.  It  is  admitted  that  more  than  50  per  cent  of  the  values 
went  down  the  gulch  with  the  tailings.  Since  field  work  was  com- 
pleted the  20-stamp  mill  has  been  partly  repaired  and  a  run  of  sev- 
eral hundred  tons  of  ore  from  the  Cumberland  mine  has  been  made. 
The  results  are  not  known. 

From  all  accounts  that  have  been  obtained,  it  seems  safe  to  esti- 
mate that  the  production  of  gold  from  this  district  approximates 
$2,000,000,  of  which  about  one-tenth  was  probably  derived  from  the 
quartz  mines. 

MINING. 

The  slopes  being  steep,  underground  development  is  through 
tunnels,  there  being  not  more  than  half  a  dozen  shafts  in  the  district. 
In  one  or  two  mines  an  upper  and  lower  tunnel  have  been  connected 
by  winzes.  The  quartzite  is  exceedingly  hard  and  no  timbering  is 
required  in  the  tunnels.  In  winzes  and  stopes  a  few  stulls  are  all 
that  is  needed. 

Some  ore  has  been  sacked  and  shipped  to  the  smelters,  but  the 
greater  part  has  been  locally  milled.  Stamping  and  amalgamation 
constitute  the  principal  method  of  treating  the  gold  quartz.  A 
small  cyanide  plant  was  constructed  several  years  ago  but  was  aban- 
doned, apparently  before  receiving  a  satisfactory  trial. 

The  Boston  and  Nevada  Mining  and  Milling  Company  employs 
half  a  dozen  men  and  about  the  same  number  are  engaged  from  time 
to  time  in  doing  assessment  work  for  nonresidents.  The  average 
wage  for  miners  is  $3.50  per  day  of  eight  hours. 

All  the  mines  and  placers  have  been  located  by  prospectors  and 
working  miners.  No  extensive  consolidations  have  been  made  and 
the  camp  remains  an  aggregate  of  small  mines  and  prospects  on 
which,  with  the  possible  exception  of  the  Osceola  placers,  but  little 
outside  money  has  been  expended.  The  ores  so  far  discovered  have 
not  been  of  high  enough  grade  to  attract  lessees. 

EXTENT  OF  PRODUCTIVE  TERRITORY. 

There  seems  to  be  no  ground  for  assuming  that  the  productive  ter- 
ritory extends  beyond  the  limits  of  the  area  shown  on  the  map  (fig.  6). 
So  far  developments  indicate  that  the  deposits  are  confined  to  fairly 
well  defined  zones  in  the  quartzite.  It  has  been  thought  by  some  that 
the  same  mineral  belt  extends  northeastward  to  the  recently  opened 
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Black  Horse  district.  It  may  be  that  the  effects  of  the  same  dynamic 
forces  which  developed  the  lode  systems  in  this  district  extended  to 
the  Black  Horse  district,  but  a  slight  examination  of  that  region  in- 
dicates that  although  the  lithologic  characters  of  the  strata  are  in 
general  similar,  the  beds  at  Black  Horse  were  deposited  during  a  later 
period  and  the  ores  are  very  different  in  character. 

The  fissures  appear  to  be  confined  to  the  quartzite.  They  were  not 
Gflwerved  in  the  overlying  shales  and  limestones  and  the  underlying 
ai^llite  has  not  been  exposed  in  the  underground  workings.  To  tibe 
eft8t  and  south  of  the  area  mapped  the  argillite  series  is  well  exposed 
aaMl  shearing  with  more  or  less  movement  along  the  bedding  planes 
ift.a  prominent  feature,  the  beds  being  locally  altered  to  a  silvery  slate. 

DISTRIBUTION  OF  MINES. 

The  areas  of  greatest  mineralization  are  (1)  the  ridge  on  the  west 
and  south  sides  of  Dry  Gulch,  (2)  the  slopes  of  Mary  Ann  Canyon, 
and  (3)  the  north  end  of  the  main  mountain  ridge.  (See  fig.  6.)  In 
the  Dry  Gulch  area  are  situated  what  is  locally  known  as  the  Gold  Ex- 
change- group,  including  the  Woodman,  Golden  Eagle,  Star,  Time 
Check,  Crescent,  Exchange,  and  January.  There  also  are  the  Butter- 
field  and  the  Cumberland  mines.  In  the  region  of  Mary  Ann  Canyon 
are  the  Serpent,  Mayday,  Drummer,  and  other  prospects.  On  the 
north  end  of  the  main  ridge  at  an  elevation  of  about  8,000  feet  are  the 
King,  Queen,  Gold  Hill,  June,  and  Gold  Crown  claims,  locally  known 
as  the  Summit  group,  and  a  little  to  the  west  are  the  Whitney  and 
Mulligan  groups. 

UNDERGROUND  DEVELOPMENT. 

The  most  extensive  underground  workings  are  in  the  Gold  Ex- 
change group.  The  tunnels  in  these  mines  have  a  total  length  of  about 
1,000  feet,  and  connect  with  one  or  two  shafts  and  several  stopes  and 
winzes.  In  Mary  Ann  Canyon  several  prospects  have  tunnels  from 
50  to  125  feet  long.  In  the  Summit  group  the  tunnels  range  from  50 
to  350  feet  in  length.  The  Whitney  and  Mulligan  groups  have  about 
the  same  amount  of  development.  The  three  tunnels  in  the  Cumber- 
land mine  have  a  total  length  of  approximately  1,700  feet. 

STRUCTURE  OF  THE  GOLD  DEPOSITS. 

There  appear  to  be  only  two  types  of  auriferous  deposits  in  the  dis- 
trict— (1)  regular  zones  of  fracturing  or  sheeting  and  (2)  irregularly 
shattered  masses  of  quartzite  adjacent  to  these  zones  of  fracture.  In 
most  places  there  is  no  distinct  line  of  demarcation  between  the  two 
types.  There  are  no  massive  veins  solidly  filled  with  quartz  such  as 
are  characteristic  of  many  other  regions. 


OSCEOLA   MINING  DISTRICT,  NEVADA.  125 

'The  most  characteristic  structure  is  the  sheeted  zone.  In  this  dis- 
trict these  zones  consist  of  narrow,  nearly  parallel  fissures  fornmig 
lodes  ranging  from  several  inches  to  15  feet  in  width.  In  the  wide 
belts,  which  may  be  considered  as  compound  sheeted  zones,  there  are 
generally  one  or  more  zones  of  closely  spaced  fissures.  The  sheeted 
zones  contain  some  fracture  planes  which  show  slickensiding,  but  the 
displacement  appears  to  be  slight.  This  may  be  due  to  the  brittle 
character  of  the  fine-grained  quartzite  that  forms  the  country  rock. 
Beds  which  are  broken  into  fine  brecciated  masses  lie  between  mas- 
sive beds  of  quartzite  which  apparently  were  not  affected  by  the  com- 
pressive stress. 

Circulating  waters  carrying  silica  in  solution  have  filled  the  fis- 
sures of  the  sheeted  rock.  The  original  openings  were  small,  and 
they  are  as  a  rule  completely  filled.  The  most  important  exception 
is  the  Cumberland  lode,  in  which  the  vein  material  contains  many 
vugs  lined  with  gold,  fluorite,  and  other  minerals. 

The  lodes  are  in  places  conspicuously  exposed,  forming  bold  out- 
crops of  quartz.  They  are  somewhat  more  resistant  to  erosion  than 
the  country  rocks,  but  can  not  be  followed  on  the  surface  for  a  very 
great  distance.  There  are  also  lodes  in  the  mines  which  do  not 
appear  at  the  surface.  It  is  therefore  impossible  to  describe  in  detail 
the  lode  systems,  as  there  is  a  relatively  small  amount  of  under- 
ground work  and  the  limits  of  the  fracture  zones  have  not  been 
reached. 

The  Osceola  lodes  form  two  intersecting  groups  of  approximately 
parallel  fissures.  In  the  northeastern  part  of  the  district  the  strike 
is  northeast.  In  other  parts  of  the  area  the  strike  varies  but  little 
from  east  and  west,  except  that  in  the  southwestern  part  there 
appears  to  be  a  northeast-southwest  system  of  fracture  zones  which 
cut  the  east-west  lodes.  In  general  the  lodes  do  not  converge  but 
maintain  their  direction  until  they  can  no  longer  be  distinguished 
from  the  irregular  jointing  which  occurs  in  all  the  rocks.  The  two 
systems  seem  to  have  formed  simultaneously  and  they  do  not  appear 
to  fault  each  other.  In  Mary  Ann  Canyon  the  fissures  intersect 
without  noticeable  displacement.  The  intersection  is  usually  marked 
by  an  irregular  broken  zone,  as  may  be  seen  on  the  outcrop  and  in  the 
upper  and  lower  tunnels  of  the  Mayday  mine. 

The  lodes  are  steeply  inclined,  nearly  all  being  above  70°  and  many 
vertical.  So  far  as  the  underground  workings  show  they  are  fairly 
regular  in  dip.  Adjacent  fissures  in  general  dip  in  the  same  direction. 
This  is  well  shown  in  the  Gold  Exchange  group.  In  many  places  the 
lodes  for  considerable  distances  are  so  ill  defined  that  the  dip  can  not 
be  determined.  It  may  be  said  in  general  that  the  east-west  lodes 
are  vertical  and  that  the  northeast-southwest  lodes  dip  at  high  angles. 


V 
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No  systematic  relation  between  dips,  distribution  of  fissures,  and 
general  structure  of  the  district  has  been  found. 

PERSISTENCE. 

Very  little  can  be  said  definitely  regarding  the  persistence  of  the 
lodes  in  depth.  The  deepest  underground  workings  are  not  more 
than  300  feet  below  the  surface  and  the  fissures  extend  to  this  depth. 
The  ore  shoots  and  sheeted  zones  are  not  necessarily  coextensive,  for 
the  highly  productive  areas  have  generally  proved  to  be  moderate  in 
extent.  Detailed  information  concerning  the  length  of  the  lodes  is 
wanting.  In  the  Gold  Exchange  group  the  principal  lode  has  been 
fairly  well  traced  for  a  distance  of  half  a  mile,  the  west  end  being 
cut  off  by  erosion  and  the  east  end  passing  into  undeveloped  ground. 
In  the  Summit  group  not  one  but  several  fissures  which  appear  to 
replace  each  other  have  been  traced  at  irregular  intervals  for  more 
than  half  a  mile. 

ORIGIN  OF  THE  FISSURES. 

The  character  of  the  stresses  that  fissured  the  strata  is  not  easily 
determined.  It  is  clear,  however,  that  they  were  such  as  could  be 
relieved  by  fracturing  with  only  slight  displacement.  The  hypothesis 
which  seems  to  accord  best  with  field  observations  is  that  in  the  read- 
justments, which  followed  the  intrusion  of  the  magma,  stresses  were 
set  up  that  resulted  in  the  shearing  of  the  argillite  and  the  fracturing 
of  the  fine-grained,  brittle  quartzites  along  vertical  or  highly  in- 
clined zones.  Fissuring  and  the  intrusion  of  the  igneous  magma  ap- 
pear to  be  genetically  connected  and  were  followed  by  ore  deposition 
from  circulating  waters. 

CHARACTER  OF  THE  ORE. 

The  lodes  of  the  Osceola  district  contain  a  relatively  small  amount 
of  metallic  or  gangue  minerals.  Inasmuch  as  these  minerals  occur 
as  the  filling  of  narrow  fissures  or  cracks  in  the  fractured  zone  which 
usually  constitutes  a  lode,  or  as  the  incomplete  replacement  of  the 
country  rock,  the  gangue  of  the  ores  is  similar  in  character  and  com- 
position to  the  rocks  adjoining  the  fissures.  Pyrite  is  very  sparingly 
disseminated  in  grains  so  minute  as  scarcely  to  be  distinguishable  by 
the  unaided  eye.  Ferruginous  clays  are  common  in  the  fissures.  In 
certain  lodes,  particularly  that  in  the  Cumberland  mine,  the  quartz  is 
here  and  there  honeycombed  and  contains  many  vugs  lined  with 
fluorite  and  other  minerals  as  well  as  free  gold.  More  commonly  the 
gold  occurs  in  flakes  and  also  finely  disseminated  in  quartz  seams 
and  veinlets. 

So  far  as  known  gold  is  the  only  metal  of  commercial  value  in  the 
Osceola  ores.     From  the  information  available  it  is  impracticable 
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to  estimate  definitely  the  average  gold  content.  Commercial  assay 
returns  show  a  wide  range  in  value.  Three  samples  taken  by  the 
writer  gave  assay  values  of  $5,  $32,  and  $77  per  ton,  the  last  repre- 
senting the  face  of  a  tunnel  about  4  by  6  feet.  Other  samples  taken 
by  the  writer  ranged  in  value  from  80  cents  to  $4.50  per  ton  and  rep- 
resented portions  of  lodes  not  less  than  3  feet  in  width.  The  return 
from  a  shipment  of  several  tons  of  selected  ore  from  the  fractured 
country  rock  adjoining  a  fissure  zone  gave  a  value  of  $28  per  ton.  It 
is  evident  that  the  gold  content  of  the  lodes  varies  greatly,  as  in  other 
known  gold-bearing  veins.  It  is  not  unlikely  that  careful  prospecting 
will  develop  ore  bodies  of  sufficient  size  and  value  to  render  their 
exploitation  profitable. 

OXIDATION. 

The  greatest  depth  of  underground  workings  does  not  exceed  300 
feet,  and  the  sulphide  zone  has  not  been  reached,  so  far  as  known. 
No  water  is  found  in  any  of  the  mines  except  in  the  New  Moon  tun- 
nel, which  crosses  a  fault  in  the  argillite  series.  Under  present  cli- 
matic conditions  there  is  very  little  precipitation,  so  that  the  mines 
are  practically  never  wet.  The  district  stands  high  above  the  adja- 
cent valleys,  and  other  conditions  suggest  unusual  depth  of  ground 
water. 

The  greater  number  of  lodes  contain  a  considerable  amount  of 
material  oxidized  to  a  yellow  or  brown  clay,  that  does  not  appear 
to  be  easily  carried  away.  Oxidation,  however,  does  not  seem  to  have 
changed  the  composition  or  obliterated  the  structure  of  the  lode 
materials  to  any  marked  degree.  No  evidence  was  obtained  that 
there  had  been  a  secondary  enrichment  of  the  lodes  from  the  surface 
downward  by  leaching  of  the  ore.  Such  action,  however,  may  have 
taken  place  under  more  humid  climatic  conditions,  such  as  are  be- 
lieved to  have  existed  in  this  region  in  recent  geologic  time. 

ORIGIN  OF  THE  ORES. 

No  extended  discussion  of  the  origin  of  the  gold-bearing  ores  of 
the  Osceola  district  can  be  presented  here,  as  the  examination  of  the 
mines  was  not  made  in  sufficient  detail  to  determine  many  questions 
that  have  an  important  bearing  on  their  genesis,  and  it  has  not  been 
possible  to  study  the  field  collections  prior  to  the  preparation  of  this 
paper.  From  general  analogy  with  other  deposits  it  is  considered  that 
the  ores  were  deposited  from  circulating  waters  within  fissure  zones 
formed  by  compressive  stresses.  If,  as  seems  likely,  the  greater  part 
of  the  mineralization  occurred  by  deposition  from  ascending  waters 
the  silica  and  the  fluorine  in  the  fluor  spar  locally  developed  were 
derived  from  the  originally  molten  magma  that  probably  underlies 
the  region  at  no  great  depth,  in  geologic  terms.    In  an  adjoining  area 
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tungsten-bearing  veins  in  granite  porphyry  contain  a  considerable 
amount  of  fluorite.  Evidence  bearing  on  the  source  of  the  gold  is 
inconclusive.  That  it  was  leached  from  the  quartzite  strata  is  not 
improbable,  for  there  is  some  evidence  that  they  are  gold  bearing. 
It  may,  on  the  other  hand,  have  been  separated  from  the  intrusive 
magma  and  brought  up  through  the  fissures  by  magmatic  waters. 

DETAILED  DESCRIPTION  OF  MINES. 
GOLD  EXCHANGE  GROUP. 

The  Gold  Exchange  group  comprises  eleven  lode  claims,  of  which 
three  are  fractional.  They  extend  from  the  west  face  of  Pilot  Knob 
Ridge  around  the  north  end,  following  the  south  and  west  slope  of 
Dry  Gulch.  The  slope  is  steep,  but  good  mountain  roads  have  been 
constructed  to  the  several  tunnel  openings.  A  20-stamp  mill  has 
been  erected  on  the  Star  ground,  which  adjoins  the  Golden  Eagle 
(No.  2  on  map,  fig.  6)  on  the  w^est.  Water  from  the  west-side  ditch 
has  been  used  in  operating  this  mill.  The  Star,  Golden  Eagle,  Cres- 
cent (No.  3  on  map),  and  Exchange  (No.  5)  are  patented  ground; 
the  other  claims  are  held  by  annual  assessment  work. 

The  underground  workings  on  this  group,  except  a  portion  of  the 
lower  tunnel  on  the  Star  ground,  are  in  the  upper  part  of  the  quartzite 
series.  The  average  dip  is  40°  NW.  and  the  strike  is  N.  10"*  E.,  but 
both  dip  and  strike  vary  within  short  distances.  There  are  many  ver- 
tical  or  highly  inclined  fault  planes,  but  the  displacements  observed 
do  not  exceed  a  few  feet.  The  shale  series  overlies  the  quartzite  and 
above  the  shales  are  the  limestones  capping  the  ridge.  Near  the  mill 
a  fault  has  thrown  down  the  limestones  and  below  these  outcrops  the 
slope  is  covered  with  debris. 

The  quartzite  strata  have  been  subjected  to  stresses  resulting  in  two 
fracture  zones,  one  having  an  east- west  direction,  the  other  north- 
east and  southwest.  The  east-west  zone  is  the  principal  one  and 
within  it  occur  many  small  displacements,  the  rocks  showing  well- 
marked  slickensides.  This  zone  can  be  traced  on  the  surface  as  a  suc- 
cession of  "  blowouts."  In  some  of  the  beds  the  fracturing  extends 
beyond  the  usual  limits  of  the  lodes,  but  the  other  strata  retain  their 
massive  character.  The  shattered  beds  were  broken  into  small  angu- 
lar fragments. 

There  are  two  lode  systems  within  this  group,  one  within  the  Time 
Check  and  Crescent  (Nos.  4  and  3  on  map)  and  the  other  within  the 
Golden  Eagle  (No.  2),  Exchange  (No.  5),  and  January  ground. 
They  are  approximately  parallel  and  are  several  hundred  feet  apart. 
The  latter  is  apparently  the  more  extensive  and  has  produced  the 
larger  amount  of  ore. 
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The  gold  is  concentrated  within  fissure  zones  of  varying  width 
and  is  also  disseminated  to  a  greater  or  less  extent  in  the  beds  of 
finely  shattered  quartzite.  It  is  not  known  to  what  extent  these  beds 
have  been  mineralized,  as  no  drifts  have  been  made  in  them.  They 
evidently  contain  some  pay  ore,  for  iu  places  chambers  several  feet 
in  extent  have  been  stoped.  The  gold  is  rarely  visible,  being  very 
finely  disseminated. 

In  accordance  with  the  locally  held  idea  that  these  ores  are  free- 
milling  they  have  been  treated  in  the  ordinary  stamp  mill  with 
amalgamation  tables.  These  properties  have  not  been  worked  since 
1899  and  at  this  time  it  is  impossible  to  obtain  definite  information 
as  to  the  average  value  of  the  material  milled  or  the  percentage 
saved.  It  is  generally  conceded,  however,  that  there  was  considerable 
loss — possibly  as  much  as  50  per  cent  of  the  assay  values.  On  account 
of  the  high  degree  of  fineness  of  the  gold  and  the  fact  that  it  is  not 
all  in  the  free  state  it  is  believed  by  many  that  a  much  greater  per- 
centage of  saving  would  result  from  cyanide  treatment. 

SUMMIT   GROUP. 

The  Summit  group  of  claims  is  situated  on  the  crest  of  the  range 
about  1  mile  south  of  the  wagon  road  which  crosses  the  mountains 
from  Osceola.  Some  underground  work  has  been  done  on  each  of 
the  claims  which  comprise  this  group. 

The  Gold  Hill  tunnel  (No.  7  on  map)  is  309  feet  in  length  and  its 
direction  is  south.  It  is  entirely  in  the  quartzite  strata,  which  strike 
N.  10°  E.  and  dip  45°  NW.  They  are  generally  massive  bedded  and 
contain  several  clay  seams  and  fractured  zones  about  6  inches  in 
width.  On  the  eastern  side  of  this  claim  there  is  another  tunnel 
about  100  feet  in  length,  having  a  direction  S.  60°  W.,  with  a  drift 
to  the  south  from  the  face  of  the  tunnel  about  100  feet  long.  In 
these  workings  is  exposed  a  broad  zone  of  fractured  and  brecciated 
rock  whose  limits  are  not  known.  Considerable  ore  from  this  tunnel 
is  said  to  have  been  milled,  but  no  satisfactory  estimate  of  value 

could  be  obtained. 

The  June  tunnel  (No.  16  on  map)  varies  in  direction  and  has  a 
total  length  of  240  feet.  The  tunnel  cuts  a  fault  trending  N.  26°  E. 
East  of  the  fault,  in  the  direction  of  the  face  of  the  tunnel,  the  beds 
show  little  disturbance  but  contain  many  soft  seams  from  which  gold 
can  be  obtained  by  panning.  To  the  northwest,  or  toward  the  mouth 
of  the  tunnel,  the  quartzite  is  very  finely  brecciated.  In  this  fracture 
zone  assays  ranging  from  $8  to  $15  are  said  to  have  been  obtained, 
but  no  definite  statement  as  to  the  width  of  the  zone  furnishing  such 
assay  values  could  be  given.  This  fracture  zone  appears  to  have  a 
general  direction  of  N.  30°  E. 
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The  Gold  Crown,  Queen,  and  King  (Nos.  8,  9,  and  10  on  map)  are 
developed  to  a  small  extent.  Average  assays  of  $14  are  said  to  have 
been  obtained  from  these  claims. 

Within  the  Summit  group  there  appear  to  be  at  least  three  fracture 
zones  separated  by  intervals  in  which  the  quartzites  are  relatively 
undisturbed.  The  amount  of  mineralization  varies  greatly  within 
these  zones  and  extensive  prospecting  will  be  necessary  to  determine 
the  distribution  of  the  values. 

WHITNEY  GROUP. 

The  Whitney  group  (No.  11  on  map)  has  been  prospected  by  sev- 
eral tunnels  cutting  the  shale  and  quartzite  nearly  at  right  angles  to 
the  strike.  The  strata  are  in  places  much  broken  and  shattered  and 
in  others  are  undisturbed.  Certain  fault  planes,  indicated  by  slick- 
ensided  surfaces,  have  been  followed  as  walls  in  the  tunnels.  These 
fault  planes  dip  60°  S.  Considerable  ore  has  been  mined  and  milled 
from  these  workings,  but  no  satisfactory  statement  of  its  value  could 
be  obtained. 

MULLIGAN  GROUP. 

At  the  north  end  of  the  Mulligan  group  (No.  12  on  map)  there  is 
an  incline  following  what  appeared  to  be  a  fault  fissure  nearly  filled 
with  vein  quartz.  The  fault  strikes  N.  80°  E.  and  dips  65°  S.  About 
600  feet  south  of  this  incline  is  a  tunnel  whic|;i  at  the  time  of  visit  was 
closed,  but  the  material  on  the  dump  showed  that  there  must  be  con- 
siderable underground  work  in  a  formation  of  very  finely  crushed 
white  quartzite.  At  the  south  end  of  this  group  is  a  200- foot  tunnel 
entirely  in  a  crushed  white  quartzite. 

CUMBERLAND  MINE. 

The  Cumberland  mine  (No.  1  on  map)  has  three  tunnels  having  a 
common  direction  of  S.  80°  W.,  at  vertical  intervals  of  100  to  200 
feet.  The  lower  tunnel  is  500  feet  in  length  and  follows  a  fault  zone 
in  which  are  many  small  fissures  showing  slickensided  surfaces  and 
dipping  both  to  the  north  and  south  at  high  angles.  In  some  places 
a  fault  plane  dipping  steeply  to  the  south  has  been  followed  until  it 
became  nearly  horizontal  in  the  roof  and  then  another  steeply  inclined 
fault  plane  farther  on  in  the  tunnel  has  been  used  as  a  wall.  In  some 
places,  for  distances  of  10  to  20  feet,  the  quartzite  strata  are  unbroken 
and  have  the  normal  strike  and  dip.  Many  beds  not  showing  distinct 
fault  planes  have  been  crushed  into  confused  masses  of  small  frag- 
ments. Clay  seams  are  abundant,  and  some  of  them  follow  bedding 
planes. 
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The  second  tunnel  was  not  examined.  The  third  and  upper  tunnel 
is  650  feet  in  length.  At  450  feet  from  the  entrance  is  a  winze  50 
feet  in  depth  and  an  upraise  to  the  surface.  In  this  upraise  there  is 
an  ore  shoot  3  to  4  feet  in  width  which  pitches  75°  S.  The  greater 
part  of  this  ore  shoot  has  been  worked  out.  Its  hanging  wall  is  a 
well-defined  fault  plane.  The  lower  edge  of  the  shoot  is  cut  in  the 
back  of  the  third  tunnel,  but  its  pitch  carries  it  to  the  south  of  the 
first  and  second  tunnels,  and  no  prospecting  has  been  done  to  deter- 
mine its  extension  in  this  direction.  It  is  reported  that  most  of  the 
ore  mined  and  milled  from  the  Cumberland  came  from  this  upraise, 
but  no  definite  information  as  to  its  average  value  could  be  obtained. 
The  ore  contains  much  free  gold,  partly  in  vugs  with  fluorite.  Many 
beautiful  specimens  have  been  found  in  these  ores. 

OTHER  PROSPECTS. 

In  the  southwestern  part  of  the  Osceola  district,  in  the  region  about 
Mary  Ann  Canyon,  there  has  been  considerable  prospecting  since 
1900.  This  area  is  locally  known  as  Hogum.  The  granite  porphyry 
is  exposed  on  the  western  edge  of  this  area  and  small  veins,  generally 
of  quartz,  extend  from  it  into  the  adjoining  sedimentary  strata.  The 
derivation  of  the  vein  filling  from  the  intrusive  mass  is  more  clearly 
shown  here  than  in  the  other  parts  of  the  district.  Although  the 
structural  features  of  this  area  have  been  affected  by  the  intrusion 
of  the  igneous  magma,  they  nevertheless  are  closely  connected  with 
tho"se  of  other  parts  of  the  district  previously  described. 

The  Mayday  claim  (No.  14  on  map)  is  developed  by  a  tunnel  130 
feet  in  length  following  the  strike  of  the  vein,  which  is  S.  70°  E.  The 
gangue  material  is  nearly  all  quartz  and  it  pitches  to  the  southwest, 
or  in  the  direction  of  the  granite  porphyry,  which  is  exposed  about 
one-eighth  of  a  mile  farther  south.  The  vein  contains  many  gouge 
seams  and  small  displacements.  In  the  area  between  this  vein  and  the 
granite  porphyry  the  quartzite  is  fractured  and  broken  into  small 
angular  fragments. 

The  Drummer  claim  (No.  13  on  map)  is  developed  by  a  shaft  18 
feet  in  depth  following  an  offshoot  from  the  granite  porphyry.  This 
vein  is  about  4  feet  wide  and  is  formed  of  fine-grained  granite  por- 
phyry and  quartz.    Its  general. direction  is  N.  30°  E. 

The  Serpent  claim  (No.  15  on  map)  has  two  tunnels  50  and  80 
feet  in  length.  The  entrance  to  the  upper  tunnel  is  in  the  limestone, 
which  dips  45°  NW.  and  strikes  N.  30°  E.  The  vein  strikes  N.  50°  E. 
and  dips  45°  SW.  The  ore-bearing  portion  ranges  in  width  from  a 
10-inch  vein  to  a  thin  parting.  The  best  ore,  said  to  have  been  found 
where  the  pay  j^treak  averaged  4  inches  wide,  assayed  $400.  Coarse 
gold  was  observed  on  exposed  faces  of  the  vein. 
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The  lower  tunnel  is  25  feet  below  the  upper  tunnel  and  has  a  direc- 
tion S.  80°  E.  The  vein  is  from  6  to  8  inches  in  width  and  dips  25** 
SW.  The  returns  from  the  milling  of  this  ore  were  reported  as  $17 
to  $20  per  ton.    Considerable  lead  ore  is  found  in  a  parallel  vein. 

PLACERS. 

The  placer  deposits  of  Dry  Gulch  range  from  a  thin  covering  of  the 
edges  of  the  quartzite  strata  in  the  upper  part  of  the  gulch  to  deposits 
25  to  30  feet  in  depth  in  the  lower  part,  below  which  the  debris 
spreads  out  into  an  alluvial  fan.  Hydraulicking  and  ground-sluicing 
methods  were  employed  to  recover  the  gold.  The  values  were  more  or 
less  disseminated  through  the  gravel,  the  principal  pay  deposits  being 
as  usual  near  bed  rock.  Large  nuggets  were  rarely  found,  the  gold 
being  in  general  very  fine.  There  still  remains  a  considerable  area  of 
ground  to  be  worked,-but  lack  of  water  has  thus  far  rendered  further 
operations  impracticable. 

In  the  southwestern  part  of  the  district,  in  the  area  locally  known 
as  Hogum,  the  placer  deposits  occur  in  channels  buried  under  the 
material  of  the  alluvial  fan  below  the  mouth  of  Mary  Ann  Canyon. 
They  usually  occur  in  a  stratum  overlying  a  so-called  cement  or  false 
bed  rock,  of  which  there  appear  to  be  several  at  different  levels.  The 
channels  are  worked  by  sinking  and  drifting.  The  material  is  raised 
by  a  whim,  shoveled  into  sluice  boxes,  and  washed  with  a  small  quan- 
tity of  water  from  the  ditch.  Here,  as  in  every  other  part  of  the 
district,  the  gold  is  fine  and  nuggets  of  much  size  are  seldom  found. 
Frequently  small  potholes  are  encountered  in  the  false  bed  rock. 
These  have  the  gold  concentrated  around  their  edges,  but  not  within 
them.  During  the  summer  of  1907  the  Gold  Bar  Placer  Company 
employed  from  two  to  four  men  and  the  operations  are  said  to  have 
given  a  satisfactory  return  on  the  investment.  The  pay  stratum  was 
reported  to  have  yielded  from  $6  to  $8  per  cubic  yard. 

Placer  mining  has  also  been. carried  on  east  of  the  divide,  above 
the  town  of  Osceola,  in  Mill  and  Weaver  creeks.  This  area  lies  to  the 
northeast  of  that  shown  on  the  map  and  was  not  studied  in  detail. 
The  gold  is  derived  from  the  erosion  of  the  quartzite  strata,  as  in  all 
other  parts  of  the  district. 

GENERAL  SUMMARY. 

The  lode  systems  of  the  Osceola  district  are  known  to  be  extensive. 

All  of  them  carry  gold,  but  the  values  are  irregularly  distributed 

along  the  fissure  zones.    Systematic  and  extensive  prospecting  must 

be  done  to  determine  the  average  value  of  these  lodes.    It  seems  cer- 

tain  that  the  average  product  of  the  lodes  will  be  a  low-grade  ore 
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which  must  be  worked  at  a  small  cost  and  in  large  quantity  to  be 
profitable. 

Water  for  milling  purposes  and  placer  mining  can  be  obtained 
from  the  several  creeks  heading  around  Wheeler  Peak,  which  are  also 
available  for  the  generation  of  electricity.  As  it  will  require  the 
waters  of  all  these  creeks  to  fully  develop  the  resources  of  the  district 
there  should  be  such  a  combination  of  interests  as  would  permit  the 
development  of  the  water  and  power  for  the  use  of  the  various  mining 
companies.  Future  development  and  prosperity  depend  on  a  concen- 
tration of  local  interests  on  a  basis  that  will  attract  capital. 
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GOIiD-QUARTZ    MINES  OF    THE    RIDDIiES    QUADRAlS^GIiE. 

By  G.  F.  Kay. 
INTRODUCTION. 

The  Riddles  quadrangle  is  situated  in  southwestern  Oregon.  It 
is  a  30-minute  area  and  embraces  parts  of  Douglas,  Jackson,  and 
Josephine  counties.  It  lies  immediately  south  of  the  Roseburg  quad- 
rangle, which  has  been  described  in  folio  49  of  the  Survey. 

The  geology  and  economic  resources  of  this  area  were  studied,  for 
folio  publication,  by  Mr.  J.  S.  Diller  and  myself,  during  the  summers 
of  1906  and  1907.  In  connection  with  this  work,  the  placer  deposits 
and  gold-quartz  mines  were  examined.  It  is  the  intention  in  this 
paper  to  describe  only  the  latter,  the  former  having  been  studied  by 
Mr.  Diller,  who  describes  them  on  pages  147-151. 

My  thanks  are  due  to  many  persons  connected  with  the  mines  for 
information  and  other  kindnesses,  particularly  to  Capt.  J.  S.  Buck, 
of  the  Greenback ;  Mr.  S.  G.  Adams,  manager  and  secretary-treasurer 
of  the  Baby  mine;  Mr.  John  Scribner,  of  the  Silent  Friend  mine; 
and  Mr.  J.  H.  Beeman,  of  Gold  Hill,  owner  of  the  Lucky  Bart  group. 
I  am  also  much  indebted  to  Mr.  Diller  for  many  valuable  suggestions. 

GEOGRAPHY  AND  HISTORY. 

The  Riddles  quadrangle  is  of  moderate  relief,  its  elevation  ranging 
from  about  600  feet  to  5,274  feet  above  sea  level.  In  the  northern 
part  is  South  Umpqua  River  with  its  large  tributary.  Cow  Creek. 
The  chief  streams  of  the  southern  part  are  Grave  Creek,  Jumpoff 
Joe  Creek,  and  Evans  Creek,  all  tributaries  of  Rogue  River,  which 
crosses  the  quadrangle  only  in  the  southwest  corner. 

The  Southern  Pacific  Railroad  passes  through  the  northwestern 
part  of  the  quadrangle,  reenters  it  about  the  middle  of  the  western 

o  The  first  paper  of  the  group  on  the  Riddles  quadrangle   (Nickel  deposits  of  Nickel 
Mountain,   Oregon,  by  G.   F.  Kay)   was  published  in  Bull.  U.  S.  Geol.  Survey  No.   316, 
1907,  pp.  120-127. 
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side,  and  runs  southward,  keeping  within  the  quadrangle  to  its  south- 
ern boundary,  which  lies  between  Merlin  and  Grants  Pass.  There 
are  wagon  roads  along  almost  all  the  main  streams,  and  trails  run 
over  many  of  the  more  mountainous  parts.  Hence  the  region  is,  in 
general,  fairly  accessible. 

Much  of  the  higher  ground  is  covered  with  forest,  but  in  many 
of  the  A^Ueys  there  are  small  ranches.  The  climate  is  such  that 
quartz  mining  can  be  carried  on,  without  much  inconvenience,  dur- 
ing all  seasons  of  the  year. 

The  history  of  gold  mining  in  southwestern  Oregon  dates  back 
for  more  than  fifty  years,  the  first  discovery  having  been  made  about 
the  middle  of  the  last  century.  From  that  time  to  the  present,  this 
portion  of  the  State  has  yielded  a  considerable  percentage  of  the  total 
gold  production  of  Oregon.  The  two  counties  from  which  most  of 
the  gold  has  come  are  Josephine  and  Jackson,  both  of  which  lie 
partly  within  the  Riddles  quadrangle. 

In  the  early  days  practically  all  of  the  output  came  from  the 
placers.  Between  1880  and  1890  there  was  a  small  but  gradually 
increasing  yield  from  the  gold-quartz  mines.  During  the  succeed- 
ing ten  years  the  production  of  the  placers  continued  to  decrease  and 
that  of  the  gold-quartz  mines  to  increase.  In  1905  ®  the  value  of 
the  product  of  the  placers  of  Josephine  and  Jackson  counties  was 
$165,793,  whereas  the  value  of  the  output  of  the  quartz  mines  (in- 
cluding that  of  three  quartz  mines  of  Lane  County  and  less  than 
$2,000  worth  of  gold  from  copper  ores)  was  $236,193.  Of  the  latter 
amount  the  Greenback  mine,  which  is  in  the  Riddles  quadrangle, 
contributed  a  large  part.  Since  the  fall  of  1906,  however,  this  mine, 
which  was  for  several  years  the  chief  gold-producing  mine  and  one  of 
the  best-equipped  mines  in  Oregon,  has  been  closed.  Moreover,  sev- 
eral prospects,  which  a  few  years  ago  were  considered  very  promising, 
have  proved  disappointing  and  work  on  them  has  been  suspended. 

GEOLOGY. 

The  rocks  of  the  Riddles  quadrangle  comprise  both  sedimentary 
and  igneous  rocks  of  various  ages.  The  former  belong  mainly  to 
the  Mesozoic  and  the  Tertiary,  but  in  the  southeastern  part  of  the 
area  are  highly  metamorphosed  sedimentary  rocks,  in  which,  as  yet, 
no  fossils  have  been  found,  but  which,  owing  to  resemblances  to 
fossiliferous  rocks  occurring  farther  southwest  in  California,  are 
thought  to  be  of  Paleozoic  age.  The  igneous  rocks  are  in  large  part 
intrusive,  but  considerable  areas  show  undoubted  volcanic  characters. 

The  sedimentary  rocks  which  are  thought  to  be  Paleozoic  consist 
chiefly  of  mica  slates,  mica  schists,  and  micaceous  quartzites.  To 
the  same  system  belong  scattered  lentils  of  crystalline  limestone 

•  Mineral  Resources  U.  S.  for  1905,  U.  S.  Geol.  Survey,  1906,  pp.  288-2a2. 
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found  a  short  distance  beyond  the  southern  limits  of  the  quadrangle. 
These  rocks  are  widely  separated  from  the  Jurassic  of  the  quadran- 
gle by  igneous  rocks. 

The  Mesozoic  rocks  belong  to  the  Jurassic  and  Cretaceous  systems. 
The  Jurassic  sediments  consist  mainly  of  slates  and  sandstones  with 
interbedded  shales ;  conglomerates  and  cherts  are  subordinate.  These 
rocks,  particularly  the  sandstones,  usually  show  quartz  veming  and 
pronounced  induration.  The  Cretaceous  beds  consist  chiefly  of  con- 
glomerates, sandstones,  and  shales,  and  have  been  divided,  on  the  basis 
of  fossil  evidence,  into  the  Knoxville,  Horsetown,  and  Chico  forma- 
tions. The  Chico  is  now  represented  by  but  a  few  small  remnants  of 
the  original  widespread  formation.  The  chief  remnant  within  the 
area  of  the  quadrangle  is  on  Grave  Creek  about  6  miles  above  the 
small  village  of  Placer.  It  is  not  underlain  by  the  Horsetown  or  the 
Knoxville  but  by  older  slates  and  by  igneous  rocks.  There  is  evidence 
of  a  slight  unconformity  between  the  Eiioxville  and  the  Horsetown. 
The  Knoxville  rocks  are  locally  veined  and  indurated,  but  generally 
to  a  much  less  degree  than  those  of  the  Jurassic. 

The  Tertiary  rocks  are  of  Eocene  age.  They  consist  of  yellowish 
sandstones,  shales,  and  conglomerates,  the  stratification  being  well 
preserved. 

The  evidence  indicates  a  great  unconformity  between  the  Jurassic 
and  the  Cretaceous;  a  somewhat  less  important  unconformity  sep- 
arates the  Cretaceous  from  the  Eocene. 

The  igneous  rocks  are  of  various  kinds,  including  greenstones,  per- 
idotites,  serpentines,  granodiorites,  dacite  porphyries,  and  augite 
andesites. 

The  greenstones  are  widespread  and  are  generally  altered  to  such 
kn  extent  as  to  be  unsatisfactory  for  study.  Under  this  name  are 
included  several  kinds  of  rocks  so  related  in  the  field  that  it  is  prac- 
tically impossible  to  map  them  separately.  What  may  be  consid- 
ered the  normal  type  resembles,  when  fresh,  a  gabbro,  consisting  es- 
sentially of  pyroxene  and  a  lime-soda  variety  of  feldspar.  Some 
phases  of  the  greenstone  are  dioritic,  some  diabasic,  and  some  fine 
grained  and  compact,  resembling  basalt.  Moreover,  some  of  the 
rocks  included  as  greenstone  are  of  the  nature  of  volcanic  breccias; 
others  show  decidedly  vesicular  characters.  All  these  types  are,  no 
doubt,  closely  related  genetically,  but  they  may  vary  considerably  in 
age.  All  are  of  a  more  or  less  green  color  and  almost  everywhere 
they  show  marked  evidence  of  extensive  crushing  and  veining.  Asso- 
ciated with  the  greenstones  in  the  west-central  part  of  the  quadrangle 
are  a  few  lens-shaped  areas  of  rhyolite. 

The  peridotites  consist  chiefly  of  olivine  and  enstatite,  the  former 
usually  predominating,  but  locally  the  pyroxene  is  so  abundant  that 
t/ie  rock  is  a  pjroxenite. 
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The  serpentines  have  result  cd  chiefly  from  the  decomposition  of  the 
peridotites  and  the  pyroxenites,  but  some  areas  of  the  serpentine  are 
probably  the  result  of  the  decomposition  of  basic  phases  of  the  green- 
stones. Much  of  the  serpentine  shows  shear  zones  and  slickensided 
surfaces. 

The  granodiorites  are  of  granular  texture  and  include  rocks  which 
vary  considerably  in  composition.  The  more  acidic  approach  the 
granites  and  the  more  basic  include  quartz  diorites.  These  rocks  are 
composed  chiefly  of  feldspar,  quartz,  and  hornblende  or  mica,  or,  as 
is  more  commonly  the  case,  both  hornblende  and  mica.  The  color 
varies,  depending  on  the  amount  of  dark-colored  minerals  present, 
but  the  prevailing  color  is  dark  gray.  The  feldspar  is  chiefly  plagio- 
clase  which  belongs  to  the  acid  end  of  the  soda-lime  series.  It  is 
usually  present  in  greater  amount  than  the  quartz.  The  mica  is  gen- 
erally biotite,  but  muscovite  is  also  found,  and  in  places  both  are 
present.  Apatite,  magnetite,  and  locally  garnet  are  accessory  min- 
erals. 

The  dacite  porphyries'^re  thought  to  be  closely  related  genetically 
to  the  granodiorites.  They  have  a  rather  sparse  distribution,  occur- 
ring as  small  knoblike  areas  and  as  dikes.  They  are  usually  light 
colored  and  have  as  their  chief  constituents  quartz  and  soda-lime 
feldspar,  both  of  which  minerals  in  much  of  the  rock  form  distinct 
phenocrysts. 

The  augite  andesites  occur  only  in  small  dikes  and  have  been  found 
cutting  greenstones,  granodiorites,  and  the  Horsetown  formation  of 
the  Cretaceous.  The  dikes  of  this  rock  were  found  only  in  the  eastern 
half  of  the  quadrangle. 

The  relative  ages  of  the  igneous  rocks  have  been  fairly  well  worked 
out.  The  greenstones  are  the  oldest,  then  come  the  peridotites,  next 
the  granodiorites  and  dacite  porphyries,  and  finally  the  augite  ande- 
sites. Except  some  of  the  greenstone,  which  is  probably  Paleozoic, 
none  of  the  igneous  rocks  described  are  thought  to  be  older  than  the 
Jurassic,  some  are  younger  than  the  Lower  Cretaceous,  and  all,  except 
the  augite  andesites,  are  older  than  the  Eocene.  The  augite  andesites 
are  probably  related  to  the  volcanics  of  the  Cascades,  and  if  so  related 
they  are  of  Tertiary  age. 

THE  ORE  DEPOSITS. 

The  chief  gold-quartz  mines  and  prospects  of  the  Riddles  quad- 
rangle are  in  Josephine  and  Jackson  counties,  mainly  in  the  former, 
as  indicated  on  the  accompanying  map  (fig.  8).  The  gold  quartz  is 
found  in  small  veins,  veinlets,  and  stringers  in  several  kinds  of  rock. 
Within  Josephine  County  all  the  paying  veins  have  been  in  green- 
stone ;  a  few  prospects  but  no  mines  have  been  located  in  serpentine. 
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A  striking  feature  in  connection  with  many  of  the  gold-bearing  veins 
found  in  the  greenstones  is  their  proximity  to  serpentine,  but  usually 
the  veins  are  cut  oflf  sharply  at  the  contact  of  the  greenstone  with  the 
serpentine.  This  may  indicate  either  that  the  rock  from  which  the 
serpentine  was  derived  was  younger  than  the  vein  or  that  displace- 
ments have  occurred  at  tiie  contact  of  the  greenstone  and  its  decompo- 
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sition  product,  the  serpentine.  In  Jackson  County  the  paying  veins 
have  been  found  in  metamorphosed  sediments,  and  usually  they  are 
within  short  distances  of  dikes  or  irregular  areas  of  greenstone. 

Quartz  veinlets  are  also  found  in  the  granodiorites,  but  as  yet  no 
mine  has  been  developed  in  these  rocks  within  the  area  of  the  Riddles 
quadrangle.     Hoviever,  a  few  hundred  yards  south  of  the  southern 
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boundary,  in  the  granodiorite,  is  the  Granite  Hill  mine,  which  has 
been  for  several  years  an  important  producer  of  gold. 

The  evidence  suggests  that  all  the  gold-bearing  veins  in  the  sev- 
eral kinds  of  rock  are  younger  than  the  early  Cretaceous  and  older 
than  the  Eocene.  However,  some  of  the  veins  in  the  metamorphosed 
sediments  may  be  pre-Cretaceous. 

The  vein  filling  is  chiefly  quartz,  calcite,  and  pyrite;  here  and 
there  arsenopyrite,  pyrrhotite,  sphalerite,  chalcopyrite,  and  galena 
are  also  present.  The  action  of  the  mineral-bearing  solutions  on  the 
country  rock  adjacent  to  the  veins  was  such  as  to  produce  a  strongly 
chloritized  and,  in  places,  talcose  rock  much  of  which  contains  car- 
bonates or  pyrite. 

The  gold-producing  veins  range  in  width  from  mere  seams  to 
veins  more  than  4  feet  wide,  but  the  average  width  of  all  the  veins 
examined  was  less  than  1  foot.  In  the  best  mine  that  has  been  found 
in  the  region,  the  Greenback,  the  average  width  of  the  vein  was 
about  18  inches.  In  many  places  there  are  sheared  and  brecciated 
zones,  in  which  occur  several  veinlets  and  stringers  usually  running 
parallel  to  one  another,  but  locally  irregular  and  running  in  various 
directions.  In  general,  individual  veins  and  veinlets  are  not  con- 
tinuous except  for  short  distances,  and  in  many  localities,  to  further 
interfere  with  the  continuity  of  veins,  there  has  been  a  considerable 
amount  of  faulting  along  planes  at  various  angles  to  one  another. 
The  walls  of  some  of  the  veins  are  fairly  well  defined  for  short  dis- 
tances, but  many  of  them  show  no  distinct  boundary  between  the 
vein  material  and  the  country  rock. 

Although  gold-bearing  veins  and  veinlets  are  found  running  in 
various  directions,  those  which  have  been  most  productive  trend  in 
general  east  and  west.  For  example,  at  the  Greenback  mine  the  vein 
has  a  direction  nearly  east  and  west;  at  the  Martha  mine,  between 
northwest  and  west ;  at  the  Baby  mine,  northwest  to  nearly  west ;  at 
the  Corporal  G  mine,  S.  85**  W. ;  and  the  veins  of  the  Lucky  Bart 
group  run  almost  west.  The  dips  of  the  veins  range  from  nearly 
horizontal  to  vertical,  but  usually  they  are  at  fairly  high  angles. 

The  values  are  found  chiefly  in  the  quartz  of  the  veins  and  veinlets, 
but  in  the  brecciated  zones  some  gold  is  obtained  in  the  fragments  of 
chloritized  rock  which  carries  pyrite.  The  values  are  mostly  in  free 
gold,  but  the  sulphides  also  carry  gold,  the  amount  varying  consider- 
ably in  different  veins  and  in  different  parts  of  the  same  vein. 

Some  of  the  quartz  veins  which  carry  values  are  later  in  age  than 
others  which  carry  no  values.  This  is  well  shown  at  the  Baby  mine, 
where  the  gold-bearing  vein  cuts  a  much  wider  barren  vein.  The 
barren  vein  appears  not  to  have  changed  the  strike,  dip,  or  values  of 
the  Baby  vein.    In  the  neighborhood  of  the  Corporal  G  are  veins 
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which  are  themselves  barren,  but  where  the  younger  gold-quartz 
veins  intersect  them  the  values  are  said  to  be  enriched. 

DESCRIPTIONS  OP  THE  PRINCIPAL  MINES. 

Although  there  has  been  much  prospecting  for  gold-quartz  veins 
during  the  last  fifteen  years  within  the  area  of  the  Eiddles  quad- 
rangle, comparatively  few  important  discoveries  have  been  made  and 
some  of  the  mines  are  no  longer  producing.  Some  of  the  most  impor- 
tant mines  are  described  below. 

GREENBACK  MINE. 

The  Greenback  mine  is  situated  on  Tom  East  Creek,  a  branch  of 
Grave  Creek.  It  is  worthy  of  note  here  that  on  the  same  stream, 
below  the  Greenback,  is  the  Columbia  placer  mine,  which  is  one  of  the 
most  productive  of  southwestern  Oregon. 

The  Greenback  was  discovered  in  1897  by  two  prospectors,  who 
lived  in  the  vicinity  of  Placer  on  Grave  Creek.  They  worked  the 
deposit  for  about  a  year,  treating  the  ore  with  an  arrastre  at  Placer. 
They  then  sold  the  property  for  $30,000  to  the  Victor  Junior  Gold 
Mining  Company,  the  chief  owners  of  the  stock  being  W.  H.  Brevort, 
of  New  York,  and  Messrs.  Moffatt  and  Smith,  of  Denver.  In  1902 
more  than  90  per  cent  of  the  stock  was  purchased  by  Mr.  Brevort,  and 
the  corporation  was  named  the  Greenback  Gold  Mining  and  Milling 
Company.    No  transfer  has  since  been  made. 

From  the  time  when  the  property  came  into  the  possession  of  the 
Victor  Junior  Gold  Mining  Company  until  1906  the  development 
of  the  mine  was  rapid,  more  equipment  being  added  each  year.  At 
first  a  5-stamp  mill  was  installed,  later  5  stamps  were  added,  and 
when,  in  1902,  Mr.  Brevort  became  the  chief  owner,  there  were  15 
stamps,  besides  a  crusher,  an  air  compressor,  and  three  Wilfley  tables 
for  concentrating.  Mr.  Brevort's  company  soon  began  the  construc- 
tion of  a  new  mill,  about  a  quarter  of  a  mile  farther  down  the  stream. 
At  first  20  stamps  were  used  in  this  mill.  This  number  was  increased 
until,  in  1905,  40  stamps  were  being  used.  The  new  plant  has  three 
large  Risdon  crushers  and  12  concentrating  tables.  There  is  also 
a  cyanide  plant  consisting  of  four  large  tanks,  with  a  capacity  of 
100  tons  a  day.  For  a  while  the  mill  was  equipped  with  both  steam 
and  water  power,  but  in  1905  a  complete  electric  system  was  installed. 
The  power  was  brought,  by  way  of  Grants  Pass,  from  the  Ray  dam  on 
Rogue  River,  a  distance  of  about  30  miles.  However,  in  the  follow- 
ing year  (August,  1906)  all  work  at  the  mine  was  suspended  and  as 
yet  it  has  not  been  resumed. 

The  workings  of  the  mine  are  extensive,  consisting  chiefly  of  cross- 
cut tunnels  to  the  vein  and  drifts  and  shafts  on  the  vein.  Much  of 
^Ae  ore  has  been  sloped  along  the  whole  length  of  the  vein  to  a 
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depth  of  about  1,000  feet  from  the  surface.  The  lowest  of  the  work- 
ings are  on  the  twelfth  level.  Below  the  ninth  level  the  mine  is  filled 
with  water. 

The  country  rock  is  greenstone,  which  is  considerably  metamor- 
phosed, but  where  most  free  from  alteration  it  is  of  the  nature  of  a 
gabbro.  To  the  east  and  southeast  of  the  mine  there  is  a  considerable 
area  of  serpentine,  and  a  short  distance  to  the  north  lies  the  south- 
western limit  of  a  band  of  siliceous  slates  which  extends  for  some 
miles  to  the  northeast. 

The  Greenback  vein  has  a  direction  almost  east  and  west,  and  dips, 
in  general,  about  60°  N.  It  averages  about  18  inches  in  width,  but 
ranges  from  less  than  6  inches  to  more  than  4  feet.  Where  it  is  widest 
there  is  a  crushed  zone  of  quartz  stringers  and  country  rock,  forming 
in  places  a  beautiful  breccia;  the  country  rock  of  the  breccia  is 
strongly  chloritized  and  contains  sulphides  which  carry  values.  In 
many  places  the  foot  and  hanging  walls  of  the  vein  are  fairly  definite, 
but  where  considerable  brecciation  has  occurred  there  is  no  distinct 
boundary  between  the  vein  material  and  the  chloritized  country  rock. 
The  vein  is  cut  off  sharply  to  the  east  against  serpentine  and  to  the 
west  by  a  fault.  The  vein  between  the  serpentine  and  the  fault  plane 
has  an  average  length  of  more  than  500  feet  and  within  this  distance 
there  are  only  minor  displacements.  The  vein  has  not  been  picked  up 
to  the  west  beyond  the  fault  plane,  nor  has  it  been  found  in  the  ser- 
pentine to  the  east.  This  latter  fact  tends  to  prove  that  the  rock  from 
which  this  serpentine  was  derived  was  younger  than  the  vein,  rather 
than,  as  is  indicated  in  some  places  in  the  quadrangle,  that  the  present 
relations  are  due  to  displacements  between  the  greenstone  and  its  de- 
composition product,  the  serpentine. 

The  vein  filling  consists  of  quartz,  calcite,  and  pyrite,  which  vary 
in  amount  in  different  parts  of  the  vein.  The  average  content  of  the 
ore  mined  from  the  first  and  second  levels  was  between  $8  and  $9  to 
the  ton ;  a  few  assays  on  these  levels  ran  above  $40  to  the  ton.  Captain 
Buck  states  that  over  75  per  cent  of  the  values  of  the  ore  was  free-mill- 
ing. The  concentrates  ran  about  $75  to  the  ton  and  after  cyaniding 
the  ores  contained  less  than  $1  to  the  ton.  Within  the  mine  there  is 
but  little  evidence,  except  near  the  surface,  of  oxidation  of  the  ores. 

A  short  distance  to  the  south  of  the  Greenback  vein  and  running 
almost  parallel  to  it  is  the  Irish  Girl  vein.  On  this  very  little  work 
has  been  done. 

MARTHA   MINE. 

The  Martha  mine  is  in  the  SW.  i  sec.  28,  T.  33  S.,  R.  5  W.,  about 
li  miles  north  of  the  Greenback.  It  was  purchased  by  the  Green- 
back Company  in  1904  and  somewhat  extensively  developed.  The 
electric  power  of  the  Greenback  was  extended  to  this  ^toij^^^  ^  %xA 
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in  1906  an  aerial  tramway  was  constructed  to  connect  the  two  mines 
and  for  a  few  months  the  ore  of  the  Martha  was  conveyed  by  the 
tramway  to  the  Greenback  plant  and  treated  there.  The  tramway 
is  said  to  have  cost  $20,000.  The  company  also  installed  a  75-horse- 
power  air  compressor.  When  the  Greenback  was  closed  the  company 
also  stopped  all  work  at  the  Martha. 

The  mine  was  prospected  by  four  tunnels  whose  length  aggregates 
nearly  3,000  feet.  At  the  time  the  property  was  examined  (June, 
1907)  it  was  leased  by  J.  M.  Clarke,  of  Golden,  Oreg.,  who  had 
brought  in  five  stamps  and  was  treating  the  ore  which  had  been  mined 
by  the  Greenback  Company  but  which  had  not  been  shipped  to  the 
mill. 

The  country  rock  is  greenstone.  The  ores  resemble  those  of  the 
Greenback,  but  do  not  carry  as  high  values  in  gold.  They  are  found 
in  narrow  veinlets  and  stringers  in  zones  of  shearing  and  brecciation, 
which  have  a  general  trend  between  northwest  and  west  and  which 
range  in  width  from  a  few  inches  to  more  than  4  feet. 

BABY  MINE. 

The  Baby  mine  is  in  the  northwest  corner  of  sec.  16,  T.  35  S.,  K. 
5  W.,  and  is  owned  by  the  Capital  City  Gold  Mining  Company.  The 
property  was  located  in  1897  and  since  that  time  has  been  exten- 
sively developed  by  the  present  and  the  former  owners.  It  is  now 
leased  by  R.  S.  Moore,  of  Grants  Pass.  During  the  summer  of  1907 
three  stamps  were  in  operation.  Mr.  Adams,  the  manager  of  the 
company,  says  that  the  mine  has  yielded  gold  to  the  value  of  more 
than  $20,000. 

There  is  on  the  property  a  5-stamp  mill,  two  boilers,  a  concentra- 
ting table,  and  a  small  crusher.  The  development  consists  of  more 
than  1,500  feet  of  tunnels,  shafts,  drifts,  upraises,  and  crosscuts. 

The  vein  occurs  in  greenstone  and  averages  about  4  feet  in  width, 
but  in  places  a  fissured  zone  more  than  10  feet  wide  has  within  it 
many  parallel  stringers  of  quartz  which  carries  gold.  The  vein 
ranges  in  direction  from  northwest  to  nearly  west  and  dips  to  the 
northeast,  usually  at  high  angles,  although  it  is  in  some  places  almost 
vertical  and  in  others  almost  flat. 

A  striking  feature  of  the  mine  is  the  prevalence  of  faults.  These 
are  not  only  numerous,  but  they  vary  considerably  in  direction  and 
in  amount  of  displacement.  One  of  the  most  prominent  of  the  fault 
planes  runs  S.  80°  W. 

The  vein  material  consists  of  a  somewhat  sugary-looking  quartz, 

some  calcite,  and  some  pyrite.    The  values  are  carried  chiefly  by  the 

quartz ;  in  many  parts  of  the  vein  free  gold  may  be  seen  with  the  un- 

aided  eye.     The  sulphide  varies  in  amount  in  dijfferent  parts  of  the 

vein^  and  when  concentrated  yields  about  $75  ^oxth  of  gold  to  the  tori. 
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SILENT   FRIEND    MINE. 

The  Silent  Friend  property  is  in  the  southern  part  of  sec.  15, 
T.  33  S.,  R.  5  W.,  on  the  north  slope  of  Post  Mountain.  It  is  owned 
by  the  original  locators,  John  Scribner  and  George  Henderson,  both 
of  Speaker,  Oreg.  They  discovered  the  vein  in  1900,  worked  it  until 
1902,  then  leased  it  for  eighteen  months  to  Joseph  Dysert.  From  the 
expiration  of  this  lease  until  August,  1906,  no  development  was  car- 
ried on,  but  from  that  date  to  the  present  the  owners  have  been  work- 
ing the  mine  on  a  small  scale.  Mr.  Scribner  states  that  from  the 
oxidized  material  on  the  surface  overlying  a  network  of  small 
stringers  he  has  taken  gold  to  the  value  of  more  than  $7,000. 

The  chief  development  has  been  by  two  tunnels.  The  lower  of 
these  is  320  feet  in  length  and  crosscuts  several  small  stringers.  The 
upper  is  75  feet  in  length,  with  an  upraise  to  the  surface. 

ThiB  country  rock  is  greenstone,  which  is  strongly  chloritized  adja- 
cent to  the  veins.  The  chloritization  is,  no  doubt,  due  to  the  action 
of  the  mineral-bearing  solutions.  The  ores  are  found  in  veinlets  and 
stringers  which  run  in  various  directions,  but  the  majority  of  them 
have  a  general  trend  between  southwest  and  west. 

The  filling  consists  of  quartz,  calcite,  pyrite,  arsenopyrite,  and, 
locally,  chalcopyrite.  Some  specimens  of  ore,  which  were  found  to 
consist  largely  of  calcite,  chlorite,  and  arsenopyrite,  showed  consid- 
erable free  gold  visible  to  the  unaided  eye.  These  specimens,  which 
were  taken  from  the  bottom  of  one  of  the  drifts,  appeared  to  repre- 
sent in  the  mine  the  ore  of  an  18-inch  brecciated  zone,  which  could  be 
followed  for  several  feet. 

DAISY  MINE. 

The  Daisy  mine,  which  is  on  the  divide  at  the  head  of  Jack  Creek, 
is  on  one  of  six  claims  constituting  the  Oregon  Mohawk  gcrld  mines, 
owned  by  G.  E.  Smith,  of  Grants  Pass.  It  was  discovered  in  1890 
and  for  a  time  was  worked  under  the  name  of  the  Hammersly  mine. 
Then  the  stock  was  acquired  by  Morton  Lindley,  of  San  Francisco, 
who  later  disposed  of  it  to  the  present  owner. 

Preparations  were  being  made  during  the  summer  of  1907  to  pump 
the  water  from  the  mine,  which  had  been  idle  for  some  time,  and 
mining  operations  were  to  be  resumed.  Mr.  Smith  stated  that  the 
mine  had  produced  gold  to  the  value  of  more  than  $200,000. 

The  workings  consist  of  an  inclined  shaft  175  feet  in  depth,  from 
which,  at  a  distance  of  115  feet  below  the  surface,  there  is  a  drift 
along  the  vein  for  350  feet  to  the  west  and  50  feet  to  the  east.  All 
the  ore  above  has  been  stoped.  From  the  bottom  of  the  shaft  there 
is  a  drift  running  eastward  on  the  vein  for  140  feet  and  westward 
for  243  feet. 
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The  veinlets  of  gold-bearing  quartz  carrying  pyrite  run  about  east 
and  west  and  are  in  a  chloritized  greenstone.  The  ore-bearing  zone 
has  a  width  of  about  3  feet. 

MOUNT  PITT  MINE. 

The  following  notes  were  obtained  from  J.  S.  Diller,  who  examined 
the  Mount  Pitt  property. 

The  mine  is  situated  in  the  southeast  comer  of  sec.  36,  T.  34  S.,  R. 
5  W.  It  was  located  by  H.  G.  Kice,  of  Grants  Pass,  the  present  super- 
intendent.   The  property  is  owned  by  A.  C.  Hooper,  of  Portland. 

The  present  workings  consist  of  an  entrance  tunnel  of  225  feet  to 
cut  the  vein,  a  drift  of  100  feet  along  the.  vein,  and  an  upraise  of  200 
feet  from  the  drift  to  the  surface.  A  mill  has  recently  been  erected 
containing  a  crusher,  an  automatic  feeder,  5  stamps,  and  a  concen- 
trating table. 

The  ore  is  found  in  small,  irregular  veins  in  sheared  greenstone, 
the  sheared  zone  being  usually  about  3  feet  wide.  The  quartz  veins 
are  rarely  well  marked,  the  greatest  width  of  quartz  seen  being  4 
inches  and  this  is  not  persistent  for  more  than  a  yard  or  so.  The 
quartz  veinlets  are  in  general  parallel  to  the  plane  of  shearing,  but 
some  of  them  are  small  cross  gash  veins  nearly  horizontal. 

OROFINO  MINE. 

• 

The  Orofino  property,  which  is  located  in  sec.  3,  T.  35  S.,  R.  5  W., 
has  been  closed  for  several  months  and  the  workings  are  beginning 
to  cave.  The  present  owners  are  Messrs.  Monahan  and  Mason,  of 
Seattle.  The  last  work  was  done  by  B.  F.  Chase,  of  Portland,  who 
had  a  lease. 

C.  D.  Crane,  of  Grants  Pass,  stated  that  there  had  been  nearly  2,000 
feet  of  work  done  on  this  property.  Fourteen  carloads  of  ore  have 
been  shipped  to  smelters  at  Tacoma,  Wash.,  and  Ashland,  Oreg.  The 
mine  had  at  one  time  considerable  equipment,  including  a  2-stamp 
mill,  cyanide  tanks,  rock  crushers,  boilers,  and  hoists,  but  much  of 
this  material  has  been  sold  and  shipped  away. 

The  ore  occurs  in  veinlets  and  stringers  in  a  much  fractured,  brec- 
ciated,  and  chloritized  greenstone.  Matiy  of  the  fragments  of  coun- 
try rock  of  the  breccia  contain  considerable  pyrite.  The  vein  filling 
consists  chiefly  of  quartz  and  calcite,  and,  as  shown  by  the  relations 
of  the  two,  the  calcite  was  deposited  later  than  the  quartz.  Sulphides 
are  also  present  in  some  parts  of  the  vein  in  considerable  amounts, 
but  in  other  parts  they  are  almost  entirely  absent.  A  large  amount 
of  ore  is  now  lying  on  the  dump  and  many  sacks  of  ore  are  ready  for 
shipment. 
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OTHER  MINES  IN  THE  GREENSTONE  AREAS.      . 

All  the  mines  thus  far  described  are  associated  with  greenstones 
and  the  descriptions  indicate  that  the  characters  of  the  ores  of  the 
mines  and  their  modes  of  occurrence  are  very  similar.  Many  other 
mines  and  prospects  associated  with  the  greenstones  might  be  de- 
scribed,  but  they  would  show  few  new  features.  Some  of  these  are 
now  being  developed;  some  have  been  extensively  prospected  but 
have  never  produced;  others  have,  in  the  past,  produced  small 
amounts  but  are  no  longer  being  worked.  Among  such  mines  and 
prospects  may  be  mentioned  the  Lucky  Queen,  Mill's  prospect.  Star 
mine,  Olympic  prospect.  Spotted  Fawn  prospect,  Blalock  &  Howe 
mine.  Eagle  prospect,  Cramer  prospect.  Gopher  mine,  and  Dick  pros- 
pect, most  of  which  are  indicated  on  the  map  (fig.  8).  To  the  north 
of  the  area  shown  on  the  map  g-re  the  Gold  Bluff  and  Levens  Ledge 
mines,  both  near  CanyonviUe. 

CORPORAL  G  MINE. 

Of  the  mines  which  are  not  associated  with  the  greenstones  but 
with  metamorphosed  sediments  the  chief  are  the  Corporal  G  mine 
and  the  Lucky  Bart  group,  which  lie  west  of  the  Left  Fork  of 
Sardine  Creek. 

The  Corporal  G  mine  is  located  in  the  southern  part  of  sec.  19,  T. 
35  S.,  E.  3  W.  It  was  discovered  in  1904  by  J.  R.  McKay,  who, 
after  taking  out  considerable  rich  ore,  sold  it  to  Mrs.  Nina  M.  Smith, 
of  Gold  Hill,  the  present  owner.  The  property  is  now  leased  by 
J.  E.  Kirk. 

The  workings  consist  of  three  tunnels,  one  above  another  on  the 
vein.  The  longest  tunnel  is  92  feet  in  length,  the  shortest  63  feet. 
The  ore  occurs  in  a  smallvein  with  fairly  definite  walls  of  micaceous 
quartzite  and  mica  slate.  The  average  width  of  the  vein  is  about  7 
inches;  it  runs  S.  85®  W.  and  dips  steeply  to  the  north.  The  filling 
consists  chiefly  of  quartz  and  calcite,  but  pyrite,  pyrrhotite,  chal- 
copyrite,  boriiite,  sphalerite,  and  galena  are  also  present.  A  few  of 
the  hand  specimens  show  free  gold. 

Close  to  the  Corporal  G  is  the  Volunteer  claim  on  which  a  stringer 
running  parallel  to  the  Corporal  G  was  followed  by  a  drift  for  135* 
feet,  when  it  pinched  out.  This  stAnger  intersects  a  barren  cross 
vein  running  about  N.  30°  E.;  at  the  intersection  the  values  in  the 
stringer  are  said  to  have  been  enriched. 

LUCKY  BART  GROUP. 

The  Lucky  Bart  group  consists  of  eleven  claims  in  the  NW.  i  sec. 
29  and  the  SE.  i  sec.  30,  T.  35  S.,  E.  3  W.  The  chief  claim,  the  Buck- 
skin or  Lucky  Bart,  was  discovered  by  Joseph  Cox,  who  sold  it  in  189*^ 

47070— Bull.  340—08 ^10 
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for  $15,000.  .  This  amount  he  had  to  share  with  his  partner,  Bart  Sig- 
noretti,  who  had  had  no  part  in  the  discovery,  hence  the  name  Lucky 
Bart.  The  company  which  bought  the  property  worked  it  for  four 
years  when  one  of  the  shareholders,  J.  H.  Beeman,  of  Gold  Hill,  pur- 
chased the  rights  of  his  associates  and  became  the  owner.  About  the 
same  time  Mr.  Beeman  purchased  adjoining  claims  until  he  had  title 
to  all  the  property  included  in  the  Lucky  Bart  group.  At  present 
mining  operations  are  being  carried  on  at  only  one  of  the  claims,  the 
Yours  Truly.  The  workings  on  the  other  claims,  but  mainly"  on  the 
Lucky  Bart,  are  in  such  condition  that  it  is  unsafe  to  enter  them. 
The  only  workings  examined  were  those  of  the  Yours  Truly.  Infor- 
mation with  regard  to  the  other  workings  of  the  group  was  obtained 
from  J.  H.  Beeman  and  J.  E.  Kirk. 

Ore  has  been  mined  from  five  veins  which  run  in  a  general  direction 
a  little  south  of  west.  These  veins  have  an  average  width  of  less 
than  2  feet;  the  country  rock  is  metamorphosed  sediment,  mainly 
mica  slates  and  micaceous  quartzites.  The  general  strike  of  these 
rocks  in  this  vicinity  is  somewhat  east  of  north;  the  dip  is  to  the 
southeast  and  is  usually  at  fairly  high  angles.  The  total  amount 
of  ore  that  has  been  milled  exceeds  14,000  tons,  which  gave  Values 
ranging  from  $4.80  to  $100  a  ton  of  free-milling  ore.  The  ore  from 
the  Lucky  Bart  claim  carried  an  average  of  3  per  cent  of  sulphides, 
which  ran  from  4  to  8  ounces  of  gold  to  the  ton  and  a  like  amount  in 
silver.  Nine  tons  of  ore  from  the  deepest  workings  of  this  claim  were 
shipped  to  the  Tacoma  smelter  and  gave  returns  of  $130  to  the  ton. 
Practically  all  the  ores  from  the  group  have  been  treated  at  a  mill  on 
Sardine  Creek ;  the  sulphides  were  shipped  to  the  smelters  at  Tacoma, 
Wash.,  and  Selby,  Cal. 

At  the  Yours  Truly,  where  work  is  now  being  done  by  J.  E.  Kirk, 
who  has  a  lease  on  the  property,  the  workings  consist  of  an  entrance 
tunnel  of  75  feet  to  the  vein,  100  feet  of  drifting  on  the  vein,  and  a 
shaft  of  30  feet.  The  country  rock  is  mica  slate.  The  vein  has  an 
average  width  of  about  1  foot  and  runs  S.  85®  W.  At  the  end  of  the 
drift  there  are  two  veinlets  of  8  inches  and  4  inches  in  width  and  also 
a  small  seam.  Within  the  workings  there  is  evidence  of  considerable 
iaulting;  the  directions  of  the  fault  planes  observed  were  somewhat 
east  of  north.  Mr.  Kirk  states,that  the  veins  carry  more  values  ad- 
jacent to  the  fault  planes  than  elsewhere.  The  ores  of  the  Yours 
Truly  are  highly  oxidized  and  carry  an  average  value  of  more  than 
$30  to  the  ton. 

CONCLUSIONS. 

Of  the  many  veins  and  veinlets  within  the  Eiddles  quadrangle  on 
which  work  has  been  done,  comparatively  few  have  developed  into 
proGtahle  mines.    The  chief  reason  is  to  be  found  in  the  structural 
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features  of  the  rocks  in  which  the  ores  occur.  The  Paleozoic  and 
early  Mesozoic  sediments,  with  their  associated  igneous  rocks,  were, 
previous  to  the  mineralization  of  the  region,  subjected  to  earth  move- 
ments of  such  a  nature  that  no  definite,  continuous  fissures  were 
formed,  but  rather,  in  general,  innumerable  minute  and  irregular 
fractures  running  in  various  directions.  Later,  when  the  mineral- 
bearing  solutions,  which  may  have  been  connected  with  one  or  more 
of  the  igneous  intrusions,  passed  through  these  rocks  and  deposition 
therefrom  took  place,  the  gold  was  not  concentrated  in  definite  lodes 
but  was  widely  distributed  through  the  rocks  in  small  veins,  veinlets, 
and  stringers,  few  of  which  are  continuous  except  for  short  distances. 
Furthermore,  in  those  places  where  fairly  distinct  and  rich  veins 
were  formed,  subsequent  faulting  has  frequently  been  so  prevalent 
that  it  is  difficult  and  costly  to  follow  the  values.  Notwithstanding 
these  unfavorable  conditions,  however,  the  gold-quartz  veins  have 
produced  and  will  probably  continue  to  produce  considerable  amounts 
of  gold.  But  the  hope  of  finding  vein  deposits  which  will  develop 
into  large  and  profitable  mines  is  not  encouraging. 

The  veins  and  veinlets  have  been  subjected  to  erosion  for  many 
thousands  of  years,  during  which  time  an  immense  amount  of  ma- 
terial has  been  freed  of  its  gold.  Much  of  this  gold  has  been  de- 
posited in  the  neighboring  streams,  from  which  it  has  been  and  is  be- 
ing mined  as  placer  gold. 

PliACEB  MrN:ES  OF  THE  RIDDIjES  QUADRANGIiE. 

By  J.  S.  DiLLEB. 
INTRODUCTION. 

Placer  mining  is  one  of  the  most  important  industries  of  the  Rid- 
dles quadrangle.  There  are  54  placer  mines;  10  are  in  the  northern 
half  of  the  quadrangle  in  Douglas  County ;  the  remainder  are  in  the 
southern  half — 18  in  Jackson  County  and  26  in  Josephine  County. 
The  total  output  of  placer  gold  in  the  quadrangle  up  to  date  has 
been  approximately  $725,000.  In  1906,  according  to  the  returns  of 
Mr.  Yale,  of  the  Geological  Survey,  the  output  was  $69,395,  a  con- 
siderable increase  over  that  of  the  previous  year. 

The  placer  mines  are  all  in  gravel  closely  associated  with  the 
present  streams.  By  far  the  greater  portion  of  the  mines  are  in  the 
present  stream  beds  or  low  terraces.  Only  a  few  are  in  gravel  of 
the  higher  terraces,  which  rise  from  100  to  400  feet  above  the  stream. 

No  definite  trace  of  ancient  high-level  gravels  such  as  occur  in  the 
gold  belt  of  the  Sierra  Nevada  of  California  has  yet  been  found  in 
the  Eiddles  quadrangle. 
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The  gravels  vary  much  in  the  form  of  the  pebbles.  On  the  higher 
terraces  and  the  steeper  grades  of  the  larger  streams  they  are  gen- 
erally well  rounded,  though  some  may  be  subangular,  but  in  the 
gentler  grades  and  especially  also  on  the  smaller  lateral  branches 
the  gravel  is  subangular  to  angular.  The  contrast  may  be  seen  in 
comparing  the  well-rounded  gravel  of  the  Steam  Beer  mine  on 
Grave  Creek  near  Leland  with  the  subangular  gravel  of  the  Colum- 
bia on  Tom  East  Creek,  near  Placer. 

The  grades  of  the  present  streams  range  from  10  to  333  feet  per 
mile,  as  made  out  approximately  from  the  contour  map.  The  major 
part  of  the  placer  mines  are  on  grades  not  over  100  feet  per  mile.  A 
smaller  number  are  on  grades  between  100  and  200  feet  per  mile,  and 
a  few  have  grades  greater  than  200  feet  per  mile. 

The  highest  terrace  records  are  few,  but  if  they  may  be  depended 
on  they  seem  to  indicate  that  the  grade  of  the  streams  when  the 
gravels  of  the  highest  terrace  were  formed  was  probably  lower  than 
that  of  the  present  streams ;  moreover,  the  gravel  of  the  highest  ter- 
races is  on  the  whole  not  so  coarse  as  that  of  the  lower  terraces  and 
the  present  stream. 

RIDDLES  DISTRICT. 

The  placers  of  the  northern  part  of  the  quadrangle  are  widely 
scattered,  generally  small,  and  for  the  most  part  unimportant.  They 
lie  on  Eattlesnake,  Middle,  Catching,  Mitchell,  Jordan,  Canyon  and 
Shively  creeks.  The  Ash  mine,  which  covers  about  3|  acres  near 
Mitchell  Creek,  is  peculiar  in  that  the  material  washed  is  chiefly  slope 
waste  of  slates  and  sandstones.  On  Shively  Creek  extensive  prepa- 
rations were  in  progress  in  1906  for  mining  at  the  forks,  but  later 
returns  have  not  been  received. 

COW  CREEK  DISTRICT. 

Starvout  Creek  is  a  tributary  of  Cow  Creek  that  drains  the  north- 
ern slope  of  Green  Mountain.  Three  of  the  mines  on  this  creek,  the 
Harrah,  Booth,  and  Curtis  Brothers,  have  lately  been  in  operation, 
but  the  Mizer  and  O'Shea  only  keep  up  assessment  work.  A  large 
tract  has  been  covered  by  these  placers  near  the  present  stream  level, 
and  they  are  reported  to  have  been  fabulously  rich  in  the  early  days. 
The  bed  rock  is  slate  except  in  the  Curtis  Brothers  mine,  which  is 
near  the  contact  of  the  slates,  greenstone,  and  serpentine. 

Just  beyond  the  western  limit  of  the  Eiddles  quadrangle,  in  Cow 
Creek  canyon,  are  the  Victory  and  Gold  Flat  placers,  or  terraces, 
about  150  feet  above  the  stream.  A  dozen  miles  farther  down  are 
the  Cain  and  the  Cracker  Jack,  on  terraces  over  500  feet  above  the 
creek.  All  these  are  important  placers  formed  under  conditions  in 
strong  contrast  with  the  gentle  grade  of  Cow  Creek  above  Glendale, 
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WOLF  CREEK  DISTRICT. 

The  Wolf  Creek  district  includes  not  only  the  three  placers  more  or 
less  active  on  the  main  stream  above  the  railroad  station  but  also  the 
four  on  Coyote  Creek,  which  joins  Wolf  Creek  at  the  post-office. 

In  Payne's  mine,  near  Foley  Gulch,  a  rusty  rotten  gravel  is  well 
exposed.  The  greenstone  pebbles  are  completely  rotten;  those  of 
slate  are  not  so  thoroughly  decomposed.  This  gravel  has  the  aspect 
of  great  age,  but  this  illusion  is  dispelled  by  the  freshness  of  the  dark- 
gray  gravel  upon  which  it  rests.  The  mine  stretches  up  from  the 
creek  level  to  the  terrace  nearly  100  feet  above.  Coyote  Creek  has 
but  little  fall  and  the  Euble  elevator  has  been  used  to  advantage. 

Near  the  mouth  of  Bear  Gulch  the  bed  of  Coyote  Creek  has  been 
mined  for  nearly  half  a  mile.  Its  richness  is  due  to  the  fact  that 
Bear  Gulch  drains  the  slope  from  the  Martha  mine  and  the  west  end 
of  the  Greenback. 

GRAVE  CREEK  DISTRICT. 

Grave  Creek  is  not  only  the  most  important  placer  stream  in  the 
Riddles  quadrangle,  but  considering  its  size  it  is  one  of  the  most 
important  in  the  State.  Almost  a  score  of  placers,  old  and  new,  occur 
along  the  part  of  its  course  lying  in  this  quadrangle,  and  half  of  them 
are  still  active  during  the  good  water  season. 

In  the  vicinity  of  Leland  the  lower  Lewis  and  the  Goff  mines  have 
not  been  worked  lately.  The  water  of  their  main  ditch  is  now  used 
in  the  Columbia.  A  small  test  of  one- fourth  acre  in  20  feet  of  gravel 
was  made  last  winter  on  the  Klum  property.  The  Steam  Beer,  owned 
by  H.  K.  Miller,  has  continued  in  full  operation  for  a  number  of 
years  and  there  is  more  ground  ahead.  The  ditch  is  about  9  miles  in 
length  and  supplies  a  head  of  200  feet.  The  gravel  terrace  is  50  feet 
above  Grave  Creek,  which  affords  excellent  dumping  ground.  The 
mine  exposes  25  feet  of  gravel,  generally  coarse  below,  and  made  up 
largely  of  pebbles  of  greenstone  with  scarcely  any  quartz.  Th^  bed 
rock  is  slate. 

On  Brimstone  Creek  the  gravel  mined  some  years  ago  includes 
much  quartz  that  appears  to  come  from  residual  material  on  a  terrace 
300  feet  above  the  creek. 

The  Columbia  mine,  near  Placer  post-office,  is  owned  by  L.  A. 
Lewis,  of  Portland.  It  is  the  largest  placer  mine  of  the  region  and 
is  supplied  with  water  by  two  ditches  from  Grave  Creek,  one  giving 
a  head  of  100  feet  and  the  other  of  600  feet.  The  mine  occupies  the 
valley  of  Tom  East  Creek,  which  drains  the  vicinity  of  the  celebrated 
Greenback  mine  and  is  advancing  in  that  direction.  The  gravel 
ranges  from  4  to  30  feet  in  depth  and  is  coarsest  below,  with  bowlders 
a  few  of  which  reach  3  feet  in  diameter.  The  fragments  are  in  gen- 
eral subangular  and  almost  wholly  greenstone.     A  few  ^y^  ^^^^^^jbcl^ 
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but  most  are  solid.  The  gold  is  fine,  and  nuggets  are  rare.  With 
three  5-inch  giants  nearly  6  acres  are  mined  over  annually.  The 
grade  is  low  and  to  keep  the  sluice  clear  the  tailings  are  washed  aside 
from  the  end  of  the  sluice  by  a  powerful  side  stream  which  piles  up 
the  gravel  in  a  prominent  heap. 

Near  the  headwaters  of  Grave  Creek  there  are  a  number  of  active 
placers.  Most  of  them  are  on  the  present  stream  bed,  whicli  has  been 
washed  for  miles,  but  a  few  are  on  terraces  up  to  150  feet  above  the 
level  of  the  creek. 

JUMPOFF  JOE  DISTRICT. 

The  lower  portion  of  Jumpoff  Joe  Creek  traverses  an  area  of 
granodiorite  and  has  no  placers,  but  above  the  forks  placers  occur 
among  the  greenstone  hills  on  both  Jack  Creek  and  the  main  branch. 
The  principal  mine  is  the  Swastika,  under  the  management  of  A.  B. 
Call.  It  occupies  a  low  terrace  in  the  forks  at  the  mouth  of  Jack 
Creek.  The  Swastika  property  is  said  to'  include  a  large  part  of 
Jack  Creek,  and  prospects  have  been  made  nearly  2  miles  above  its 
mouth  toward  the  Daisy  quartz  mine.  The  Swastika  has  been  oper- 
ated by  the  present  company  for  about  a  year.  Two  18-inch  pipes 
were  used,  one  with  a  head  of  150  feet  and  the  other  about  75  feet. 
The  sluice  dump  was  disposed  of  by  a  strong  side  stream. 

The  gravel  is  from  15  to  30  feet  deep  and  is  composed  of  greenstone 
pebbles.  It  is  coarsest  below,  with  bowlders  up  to  2  feet  in  diameter. 
In  mariy  places  the  whole  mass  is  rotten,  so  that  many  of  the  bowlders 
go  to  pieces  under  the  stream  from  the  giant.  The  bed  rock  of  the 
Swastika  mine  and  throughout  the  slopes  of  Jack  Creek  is  greenstone. 

On  the  main  fork  of  Jumpoff  Joe  Creek  there  are  "a  number  of 
small  placers  near  its  head  and  a  larger  one  5  miles  below,  where  Cook 
&  Rowland  have  stripped  the  shallow  bed  of  the  stream,  exposing 
the  slates  for  half  a  mile  to  a  width  of  100  to  200  feet.  The  slope 
being  gentle,  an  elevator  was  used. 

EVANS  CREEK  DISTRICT. 

Pleasant  Creek,  a  branch  of  Evans  Creek,  heads  against  Grave 
Creek  and  has  several  active  placers.  For  over  3  miles  the  bed  of 
Pleasant  Creek  was  almost  completely  mined  out  years  ago,  and  later 
efforts  have  been  directed  to  the  benches  rising  up  to  100  feet.  The 
largest  amount  of  work  has  been  done  at  Harris  Gulch,  where  an  area 
of  rotten  gravel  about  8  acres  in  extent  has  lately  been  removed.  A 
smaller  cut  has  been  made  in  a  well-marked  terrace  at  Jamison  Gulch, 
and  farther  up,  between  the  forks,  Thompson  Brothers  have  washed 
off  the  residual  material  of  a  serpentine  point  200  feet  above  the 
streams. 
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All  the  placers  on  Pleasant  Creek  except  the  one  last  mentioned  are 
on  granodiorite  but  near  the  contact  with  both  slate  and  greenstone, 
which  may  be  the  source  of  the  gold. 

SOURCE  OF  THE  PLACER  GOLD. 

The  source  of  the  placer  gold  is  in  the  auriferous  quartz  veins, 
which  are  niost  abundant  in  the  greenstones,  though  they  occur  in 
the  slates  also.  The  larger  veins  at  many  places  are  worked  in  quartz 
mines,  but  all  the  veins,  both  large  and  small,  have  contributed  gold 
to  the  placer  gravels.  The  greater  number  of  placers  are  on  slate 
bed  rock.  This  does  not  necessarily  indicate  that  the  slates  have  been 
the  chief  source  of  the  gold  in  the  placers,  but  that  in  the  process  of 
stream  erosion  the  slates  are  more  readily  terraced  so  as  to  preserve 
the  gravels  for  mining. 

PRODUCTION  OF  THE  PLACER  MINES. 

Where  data  have  been  available  for  estimates  the  yield  of  the 
placers  per  cubic  yard  of  gravel  has  ranged  from  10  to  25  cents. 
Much  of  the  gravel  must  have  averaged  50  cents  and  in  exceptional 
cases  run  as  high  as  $1.50.  To  state  it  in  another  form,  a  number 
of  the  mines  appear  to  have  yielded  from  $4,000  to  $6,000  per  acre. 

As  already  stated,  the  total  production  of  the  placers  in  the  Riddles 
quadrangle  has  been  approximately  $725,000,  of  which  considerably 
more  than  half  has  come  from  Grave  Creek.  A  still  larger  propor- 
tion of  the  present  annual  output  is  from  Grave  Creek,  for  it  has- 
not  only  the  greatest  number  of  mines  but  includes  the  two  largest 
producers.    The  approximate  production  by  districts  is  as  follows : 

Total  production  of  placer  gold  in  Riddles  quadrangle  to  1907,  hy  districts. 

Riddles  and  CJow  Creek  districts $100, 000 

Wolf  Creek  district 75, 000 

Grave  Creek  district 400,000 

Jumpoff  Joe  district 50,000 

Evans  Creek  district 100, 000 

These  estimates  are  more  likely  to  be  below  than  above  the  truth, 
for  little  is  really  known  of  the  yield  of  the  early  placers. 
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:iVOTE8   0:iV   copper   prospects    of   the    RIDDIiES 

QUADRANGIjE. 

By  G.  F.  Kay. 

Copper  minerals  have  been  found  at  several  places  within  the 
Riddles  quadrangle,  but  as  yet  no  paying  mine  of  copper  has  been 
developed.  During  the  summer  of  1907  work  was  being  done  on  two 
prospects  which  are  of  sufficient  interest  to  merit  a  brief  description. 

The  Joseph  Ball  mine  is  situated  in  the  NW.  J  sec.  3G,  T.  32  S., 
R.  4  W.,  which  is  on  the  southwest  slope  of  Cedar  Springs  Mountain. 
The  elevation  at  the  mine  is  about  4,250  feet.  Some  ore  has  been 
carried  by  pack  train  to  Glendale,  on  the  Southern  Pacific  Railroad, 
a  distance  of  more  than  20  miles.  The  country  rock  is  serpentine, 
which  has  been  greatly  fractured  and  sheared,  and  locally,  where  it 
has  been  decomposed,  magnesite  with  some  strontianite  is  present. 
The  ores  consist  of  native  copper,  copper  glance,  cuprite,  and  the 
copper  carbonates.  They  are  in  a  faulted  zone  in  the  serpentine, 
which  shows  numerous  slickensided  surfaces  on  which  are  vertical 
striae.  Within  the  workings  the  faulted  zone  varies  in  direction  and 
the  plane  of  shearing  is  very  irregular.  On  this  plane  have  been 
found  flat  pieces  of  native  copper  as  large  as  the  hand;  the  copper 
glance  and  cuprite  have  also  been  found  on  this  plane  as  nodular 
masses  and  as  scattered  fragments.  The  workings  consist  of  an 
upper  tunnel  of  150  feet  along  the  fault  zone  and  a  lower  tunnel  of 
145  feet  from  which  there  is  an  upraise  of  60  feet  to  the  upper 
tunnel.  At  the  time  the  mine  was  examined  the  company  was  pre- 
paring to  sink,  from  the  lower  tunnel,  a  shaft  on  the  fault  plane. 

The  Oak  mine,  in  the  SW.  i  sec.  4,  T..35  S.,  R.  5  W.,  was  located 
in  1905.  It  is  owned  by  the  Oak  Consolidated  Mining  and  Milling 
Company.  Copper  was  found  on  this  property  while  a  gold-quartz 
vein  was  being  developed.  A  tunnel  was  being  run  to  crosscut  some 
quartz  stringers  in  a  fractured  zone,  when  copper  pyrites  was  found. 
The  mineral  occurs  as  small  irregular  masses  in  a  fractured  and 
chloritized  greenstone.  During  the  summer  of  1907  the  company 
was  installing  an  air  compressor,  hoists,  and  machine  drills  and 
plans  were  being  made  to  prospect  the  property  thoroughly. 

Some  prospects  of  copper  occur  in  greenstone  near  Glendale  and 
A.  D.  Leroy,  of  Merlin,  has  done  some  work  on  a  quartz  vein  carry- 
ing copper  in  the  N.  ^  sec.  8,  T.  35  S.,  R.  6  W. 
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COPPER. 


NOTES  ON  COPPER  DEPOSITS  IN  CHAFFEE,  FREMONT, 

AND  JEFFERSON  COUNTIES,  COLO. 


By  Waldemar  Lindgren. 


USTTRODUCTION. 

Colorado  is  not  an  important  copper-producing  State.  The  annual 
production  rarely  reaches  10,000,000  pounds,  and  was  only  7,427,253 
pounds  in  1906.  Eighteen  counties  contributed  to  this  output,  but 
only  two — ^Lake  (Leadville  district)  and  San  Juan — ^yielded  notable 
amounts.  The  Leadville  output  was  somewhat  over  2,000,000  pounds, 
which  was  really  obtained  as  a  by-product;  that  from  San  Juan 
County  slightly  exceeded  1,500,000  pounds.  The  copper  ores,  prop- 
erly so  called,  of  Colorado  comprised  only  31,431  short  tons,  of  which 
one-half  came  from  San  Juan  County.  It  may  be  said  that  Colorado 
does  not  contain  a  single  copper  mine  of  prominence. 

Of  the  counties  mentioned  in  the  title  Chaffee  produced  349,466 
pounds  of  copper  from  6,249  tons  of  copper  ores  in  1906 ;  the  yield 
of  Fremont  and  Jefferson  counties  is  negligible.  Although  the  cop- 
per deposits  in  these  counties  are  not  of  great  commercial  importance, 
they  are  in  some  respects  unusual,  and  from  the  standpoint  of  genetic 
problems  merit  some  discussion.  Nearly  all  the  gold-  and  silver-bear- 
ing deposits  of  Colorado,  and  the  copper  deposits  as  well,  occur  in 
close  connection  with  igneous  rocks  of  Tertiary  age.  They  have 
clearly  been  formed  during  late  geological  epochs — chiefly  during  the 
early  or  late  Tertiary — and  their  deposition  closely  followed  the 
eruption  of  the  igneous  rock  with  which  they  are  associated. 

There  is  evidence,  however,  of  a  far  older  epoch  of  ore  deposition, 
antedating,  in  fact,  the  whole  of  Paleozoic  and  Mesozoic  time,  and 
best  designated  as  pre-Cambrian.    The  existence  of  such  deposits  has 
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been  shown  in  South  Dakota,**  Wyoming,*  New  Mexico,*'  and  Ari- 
zona,*^ and  it  is  the  purpose  of  this  paper  to  describe  six  or  seven  such 
occurrences  in  Chaffee,  Fremont,  and  Jefferson  counties,  Colo^ 

Copper  deposits  of  still  another  class  occur  as  disseminations  in 
certain  sedimentary  beds  in  New  Mexico,  Texas,  and  Arizona;  also 
in  western  Colorado.  These  deposits  are  generally  of  low  grade,  but 
the  question  of  their  origin  has  given  rise  to  much  discussion,  which 
has  lately  been  summarized  by  S.  F.  Emmons.*  An  occurrence  of 
this  kind  in  Fremont  County  will  be  described,  for  the  reason  that  it 
seems  to  throw  light  on  the  genesis  of  these  concentrations  of  copper. 

PRE-CAMBRIAN   COPPER  DEPOSITS  IK  CHAFFEE  AND 

FREMONT  COUNTIES. 

TOPOGRAPHY. 

The  larger  part  of  Fremont  County  is  occupied  by  the  Front  Range 
and  the  irregular  plateau  to  the  west  of  it.  The  southwestern  part 
of  the  county  contains  the  north  end  of  the  Sangre  de  Cristo  Range. 
Through  the  central  part  of  it  flows  Arkansas  River  in  a  deep  and 
picturesque  canyon.  0 

The  western  part  of  Chaffee  County,  adjoining  Fremont  County 
on  the  northwest,  is  occupied  by  the  high  snowy  peaks  of  the  Sawatch 
Range,  and  the  eastern  part  contains  a  complex  of  moderately  ele- 
vated ridges,  which  forms  part  of  the  general  plateau  south  of  South 
Park.  Arkansas  River  traverses  the  county  from  north  to  south  in 
a  series  of  open  valleys,  of  which  that  surrounding  Salida  is  the  most 
attractive.  A  short  distance  south  of  Salida  the  river  enters  the  can- 
yon, from  which  it  emerges  just  above  Canon  City.  In  the  western 
part  of  Chaffee  County  are  the  La  Plata,  Cottonwood,  Alpine,  Chalk 
Creek,  Monarch,  and  Garfield  mining  districts,  of  whose  geological 
features  but  little  is  known.  In  the  southeastern  part  of  the  county 
near  Salida  are  the  mining  camps  Turret,  Sedalia,  and  Cleora.  (See 
fig.  9.) ^ 

•  Irving,  J.  D.,  and  Emmons,  S.  F.,  Economic  resources  of  the  northern  Black  Hills : 
Prof.  Paper  U.  S.  Geol.  Survey  No.  26,  1904. 

•  Spencer,  A.  C,  The  copper  deposits  of  the  Encampment  district,  Wyoming :  Prof.  Paper 
U.  S.  Geol.  Survey  No.  25,  1904. 

«  Lindgren,  W.,  and  Graton,  L.  C,  A  reconnaissance  of  the  mineral  deposits  of  New 
Mexico:  Bull.  U.  S.  Geol.  Survey  No.  285,  1906,  p.  81. 

^  Reid,  J.  A.,  A  sketch  of  the  geology  and  ore  deposits  of  the  Cherry  Creek  district, 
Arizona :  Economic  Geology,  vol.  1,  No.  5,  1906,  p.  417.  Graton,  L.  C,  Mhicral  Resources 
U.  S.  for  1906,  U.  S.  Geol.  Survey,  1907,  p.  389. 

•  Copper  in  the  red  beds  of  the  Colorado  Plateau  rejgion :  Bull.  U.  S.  Geol.  Survey  No. 
260,   1904,  pp.  221-232. 
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GEOLOGY. 

Fremont  County  contains  large  areas  of  pre-Cambrian  rocks,  and 
their  granites,  gneisses,  schists,  and  pegmatites  are  well  exposed  along 
the  canyon  of  the  Arkansas.  In  the  \Yestern  part  of  the  county  a  belt 
of  limestones  and  red  beds  crosses  the  canyon,  and  this  belt  occupies 
some  areas  north  of  the  river  in  Chaffee  and  Fremont  counties.  The 
age  of  the  lower  beds  is  not  well  established,  and  the  areas  are  out- 
lined with  imperfect  accuracy  on  the  Hayden  map  of  Colorado.  A 
bed  of  quartzite  lies  at  the  base,  being  succeeded  by  a  thick  series  of 
•limestones,  which  in  turn  are  covered  by  red  beds  of  Carboniferous  or 
Triassic  age.  It  is  doubtful  whether  any  Cambrian  beds  are  present 
in  this  vicinity,  but  as  they  appear  elsewhere  in  conformable  develop- 
ment underneath  the  upper  Paleozoic,  the  rocks  underneath  the  great 
unconformity  may  with  confidence  be  referred  to  as  pre-Cambrian. 

Near  Cotopaxi  gneissoid  granites  predominate,  and  these  rocks  with 
micaceous  schists  and  intruded  pegmatites  make  up  the  bulk  of  the 
pre-Cambrian  area.  At  Salida,  however,  a  series  of  greenstone  schists 
have  been  described  by  Whitman  Cross,"  who  states  that  they 
extend  with  general  east- west  strike  from  a  point  a  few  mile»  below 
Salida  to  a  point  about  5  miles  north  of  that  place.  The  rocks  are 
determined  as  amphibolitic  schists  ranging  into  coarse-grained  altered 
dioritic  rocks  (metadiorites)  in  the  lower  part  of  the  series  near 
Salida.  Locally  they  are  developed  as  chloritic,  micaceous,  and 
staurolitic  schists,  many  of  which  contain  garnets.  They  are  cut  by 
dikes  of  pegmatite  and  granite. 

The  pre-Cambrian  complex  is  well  exposed  along  the  road  from 
Salida  to  the  small  mining  camp  of  Turret,  14  miles  to  the  northeast. 
For  8  miles  this  road  ascends  in  a  steep  gulch  along  which  for  the 
entire  distance  massive,  very  coarse  grained  dioritic  rocks  are  ex- 
posed, in  some  places  slightly  sheared,  and  everywhere  much  jointed. 
Locally  these  rocks  are  epidotized,  and  traces  of  copper  are  seen  in 
.places.  Under  the  microscope  the  structure  is  decidedly  ophitic,  and 
the  rocks  were  doubtless  originally  diabases  or  gabbros,  although  the 
augite  is  now  wholly  converted  into  pale-green  hornblende  with  small 
specks  of  pyrite  and  chalcopyrite.  At  an  elevation  of  8,500  feet,  or 
1,500  feet  above  Salida  at  the  first  divide,  a  block  of  nearly  horizontal 
limestones  covers  these  rocks  for  about  IJ  miles ;  at  the  northern  edge 
of  this  block  the  limestones  are  underlain  by  very  coarse,  white 
gneissoid  granite  with  coarse  mica,  cut  by  pegmatite  dikes  with  feld- 
spar crystals  a  foot  long.  Turret,  a  couple  of  miles  farther  north, 
lies  in  a  shallow  gulch  cut  in  white  granite,  containing  chiefly  quartz, 
microcline,  biotite,  and  a  little  albite.     From  Turret  another  road 

*  On  a  series  of  peculiar  schists  near  Salida,  Colo. :  Proc.  Colorado  Sci.  Soc.,  vol.  4, 
1891-93,  pp.  286-293. 
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descends  to  the  Arkansas  through  Browns  Canyon  in  reddish  gneis- 
soid  granite,  forming  conspicuous  turret-like  outcrops.  At  the  river 
the  schists  become  very  micaceous  and  are  injected  by  pegmatite 
dikes. 

Cross  believed  that  the  schists  were  derived  from  a  metadiorite, 
probably  a  surface  flow.  It  seems  more  likely  that  we  have  here  a 
large  pre-Cambrian  mass  of  gabbro  or  diabase,  which  is  intrusive  in 
sedimentary  metamorphic  rocks,  and  which  in  part  has  been  made 
schistose  by  pressure. 

ORE  DEPOSITS. 
INTRODUCTION. 

The  deposits  in  this  vicinity  contain  chiefly  copper,  and  the  fol- 
lowing are  described  or  mentioned  below:  The  Sedalia  mine,  the 
Independence  and  Copper  King  mines,  and  the  prospects  at  Cleora 
and  Cotopaxi.  The  Independence  and  Copper  King  mines  are 
located  near  Turret,  and  there  are  at  that  camp  two  other  mines,  the 
Grold  Bug  and  the  Vivandiere,  which,  however,  are  on  gold-bearing 
fissure  veins  of  an  entirely  different  type  from  those  which  form  the 
main  subject  of  this  description.  The  Gold  Bug  mine  is  on  a  quartz- 
filled  fissure  following  a  dike  of  fine-grained  porphyry.  The  strike 
is  east  and  west,  and  the  greatest  depth  attained  is  500  feet.  The 
richest  ore  is  said  to  carry  about  2  ounces  of  gold  and  6  ounces  of 
silver  per  ton,  besides  9  per  cent  of  copper.  The  Vivandiere  is  prob- 
ably located  on  the  same  vein  a  short  distance  to  the  east,  and  is 
developed  by  a  shaft  600  feet  in  depth.  Both  properties  are  inter- 
mittent producers.  Beyond  doubt  they  are  much  more  recent  than 
the  copper  deposits  described  below.  It  is  said  that  similar  aurif- 
erous veins  are  found  at  Whitehorn,  10  miles  farther  east  in  Fre- 
mont County. 

SEDALIA    MINE. 

Location^  history^  and  production. — The  Sedalia  mine  is  situated 
in  the  first  foothills  rising  on  the  east  side  of  Salida  Valley,  2  miles 
east  of  Arkansas  River  and  4  miles  north  of  Salida.  It  is  said 
to  have  been  discovered  about  twenty- four  years  ago  and  has  been 
worked  intermittently  since  that  time.  At  present  it  is  owned  by 
the  Shawmut  Consolidated  Copper  Company.  It  was  an  active  pro- 
ducer in  1907 ;  the  ore  was  shipped  to  various  smelters,  but  lately  it 
has  been  taken  chiefly  by  the  Canon  City  zinc-lead  paint  plant  of 
the  United  States  Smelting  Company,  which  utilizes  the  zinc  for 
paint  and  smelts  the  residues  for  copper  matte.  No  exact  data  of 
production  are  available,  but  the  Shawmut  Company  states  that 
probably  in  all  from  60,000  to  75,000  tons  of  ore  have  been  shipped, 
containing  from  5  per  cent  upward  of  copper  and  from  $1  to  $2.50 
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in  gold  and  silver  per  ton.  It  is  really  one  of  the  few  important 
copper  mines  of  Colorado.  During  the  last  two  years  the  mine  has 
shipped  about  400  tons  per  month. 

Developments. — ^The  deposit  is  developed  by  three  tunnels.  The 
lowest,  No.  3,  is  100  feet  higher  than  the  first  outcrops  of  schists  above 
the  sandy  valley  bottom  and  at  an  elevation  of  approximately  7,475 
feet,  or  475  feet  above  Salida.  No.  2  tunnel  is  on  the  steep  slope,  321 
feet  above  No.  3,  and  the  uppermost  tunnel.  No.  1,  is  100  feet  above 
No.  2.  There  are  two  levels  GO  and  100  feet  below  No.  2.  No.  3  tunnel 
runs  in  a  direction  a  little  north  of  east  for  about  1,300  feet.  The  total 
developments  probably  aggregate  5,000  feet. 

A  leaching  plant  was  built  on  the  sandy  valley  bottom  1  mile 
west  of  the  mine,  but  as  it  was  not  successful  it  is  now  being  turned 
into  a  concentrating  plant  for  the  primary  sulphide  ores  recently 
found.  The  surface  ores  contain  both  sulphides  and  carbonates, 
and  for  this  reason  direct  leaching  is  not  applicable  to  them.  An 
incline  carries  the  ore  from  No.  2  to  the  level  of  the  valley,  whence 
it  is  transported  on  a  tramway  to  the  railroad  spur  at  the  concen- 
trator. 

Geology, — Seen  from  a  distance  the  rocky,  reddish-gray  slope  with 
scattered  junipers  seems  to  rise  abruptly  from  the  valley.  The  pre- 
vailing rocks  are  schists.  Both  north  and  south  of  the  mine  heavy 
dikes  of  light-colored  pegmatite  cut  conspicuously  through  the  schists, 
which  strike  almost  due  east  and  west  and  dip  from  50®  to  70®  S. 
Cross,  in  the  paper  already  cited,  states  that  the  succession  consists  of 
"  fine  mica  schists,  locally  staurolitic,  actinolite  and  chlorite  schists, 
with  garnet  developed  in  various  forms."  The  best  exposures  are 
found  in  the  long  No.  3  tunnel,  which  penetrates  below  .the  level  of 
oxidation.  For  the  first  1,000  feet  the  tunnel  penetrates  a  hard  dark- 
gray  and  blocky  gneissoid  rock  in  which  the  schistosity  is  obscured 
by  joints  striking  north  and  south  or  N.  65°  W.,  and  dipping  respec- 
tively 80°  W.  and  40°  NE.  This  hard  gneiss,  which  contains  softer 
bars  of  schist  richer  in  biotite,  continues  up  to  a  place  where  the  plane 
of  the  ore  deposit  intersects  the  tunnel.  No  ore  is  visible  here,  but 
the  rock  is  softer,  with  some  slips  and  copper  stains.  Beyond  this 
point  the  rock  is  a  mica  schist  with  smooth  planes  of  schistosity  dip- 
ping 52°  S.  In  this  rock  the  crosscut  continues  for  300  feet,  and  the 
schist  is  intersected  by  many  small  dikes  of  white  pegmatite,  probably 
apophyses  of  the  larger  dike  shown  in  the  upper  workings. 

The  gneiss  in  the  first  part  of  the  tunnel  is  dark  gray  and  im- 
perfectly  schistose,  and  consists  chiefly  of  a  fine-grained  mixture 
of  quartz  and  brownish-green  biotite,  fibrous  crystals  of  sillimanite, 
abundant  small  grains  of  corundum,  and  pale-red  garnets  up  to  1 
centimeter  or  more  in  diameter.  The  garnets  and  the  sillimanite 
give  a  pseudoporphyritic  appearance  to  the  rock ;  the  quartz  appears 
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in  allotriomorphic  grains  and  the  general  structure  is  that  intimate 
intergrowth  characteristic  of  many  crystalline  schists  which  Gru- 
benmann  designates  as  diablastic. 

The  steep  hillside  between  tunnels  No.  3  and  No.  2  shows  the 
weathered  forms  of  the  gray  gneissoid  schist,  in  places  containing 
streaks  of  chloritic  schists  with  very  large  crystals  of  garnet,  some 
of  them  several  inches  in  diameter.  These  garnets  appear  near  the 
contact  of  the  big  pegmatite  dike,  but  as  they  are  also  noted  else- 
where in  the  series  it  is  doubtful  whether  they  are  the  effects  of 
contact  metamorphism.  Above  the  dike,  up  to  the  croppings  of  the 
ore  deposit,  the  rocks  are  mixed  and  consist  of  amphibolite  rocks, 
chloritic  schists,  dark  quartz  schists,  and  garnet  schists.  In  the  foot 
wall  of  the  croppings  appears  fissile  mica  schist  similar  to  that  noted 
from  the  lowest  tunnel  level.  Toward  the  east  the  mica  schist  occurs 
on  both  sides  of  the  deposit.  On  the  highest  spur  and  200  feet  south 
of  the  ore  body  is  a  fine-grained  aplitic  dike  rock,  which  contains 
bunches  of  amphibolitic  rocks. 

The  principal  pegmatite  dike  is  50  feet  wide  and  outcrops  in  the 
vicinity  of  tunnel  No.  2.  As  shown  by  the  workings,  it  dips  70°  N., 
consequently  in  an  opposite  direction  to  the  schists.  Only  small 
stringers  of  pegmatite  are  noted  in  the  lowest  tunnel.  The  rock  is 
coarse  grained;  the  specimens  examined  consist  of  white  microcline, 
quartz,  and  greenish-white  muscovite,  the  foils  of  which  reach  1  inch 
or  more  in  diameter. 

Tlie  ore  deposit. — Cross,  in  the  paper  cited,  referred  briefly,  but 
correctly,  to  the  copper  deposit  of  the  Sedalia  mine  as  "  a  thick  bed  of 
actinolite  schist  richly  impregnated  with  copper  minerals."  The  ore 
body  lies  conformable  with  the  schists  and  is  practically  a  fiat  lens, 
800  feet  long  and  at  most  150  feet  thick,  of  amphibolitic  rocks  of 
varying  types.  The  outcrops  of  the  ore  body  can  be  followed  for  many 
hundred  feet  east  and  west  on  a  ridge  600  feet  above  the  valley,  and 
show  chiefiy  as  soft  whitish  rocks  locally  stained  by  copper  or  lead. 
These  rocks,  to  a  considerable  extent,  are  made  up  of  talc,  asbestos, 
and  partly  weathered  amphibolite.  On  the  first  level  the  ores  have 
been  followed  for  about  400  feet.  On  the  second  level  the  deposit 
extends  for  over  800  feet.  There  are  two  smaller  levels  60  and  100 
feet  below  level  2.  Below  that  level,  however,  the  50- foot  pegmatite 
dike  mentioned  above  as  dipping  in  a  direction  opposite  to  that  of 
the  deposit  and  the  schists  cuts  off  the  ore  body.  In  one  place  toward 
the  east  of  the  body  the  workings  are  said  to  have  crossed  the  dike, 
but  only  low-grade  and  very  hard  ore  was  found  beyond  it.  Thus 
practically  all  of  the  ore  shipped  has  been  taken  from  that  part  of  the 
deposit  which  lies  above  the  pegmatite  dike,  and  tunnel  No.  2  shows 
the  character  of  these  ores  very  well.  They  are  all  at  least  partly 
oxidized,  and  it  is  evident  that  the  copper  has  spx^ad  Wvxqvi^  -a.  ^skscl- 


164         CONTRIBUTIONS   TO   ECONOMIC    GEOLOGY,  1907,   PART   I. 

siderable  width  of  rock  outside  of  its  original  home.  In  one  place 
the  mass  of  amphibolite  is  about  150  feet  thick.  Some  of  the  stopes 
are  50  feet  wide.  The  prevailing  rocks  are  amphibolite  of  varying 
grain,  chloritic  schist,  and  a  dark-gray  quartz  rock.  Much  low- 
grade  copper  ore,  said  to  average  2  per  cent,  still  remains  in  the 
workings.  The  ore  generally  consists  of  a  mixture  of  limonite,  mala- 
chite, cuprite,  and  chalcocite,  with  remaining  unaltered  grains  of 
chalcopyrite,  which  evidently  is  the  original  mineral ;  this  ore  is  con- 
tained in  a  gangue  of  chloritic  schist  or  amphibolite.  There  is  no 
well-defined  zone  of  chalcocite.  A  little  zinc  blende,  galena,  and 
cerusite  occur  in  places.  The  ore  carries  a  very  small  amount  of  gold 
and  silver.  A  new  basic  lead-copper  sulphate,  having  the  formula 
PbSO4.CuSO4.CuO,  was  found  in  the  croppings.  It  appears  as  a 
dull  lemon-yellow  powder. 

The  first  attempts  to  find  the  ore  deposit  on  the  level  of  the  lowest 
(No.  3)  tunnel  were  not  successful,  as  indicated  under  the  descrip- 
tion of  the  rocks  (p.  162).  Recent  exploration,  however,  resulted  in 
the  finding  of  a  considerable  body  of  sulphide  ore  40  feet  above  and  a 
little  to  the  north  of  the  tunnel.  This  ore  body  also  lies  on  the  con- 
tact of  the  biotite  schist  and  the  garnet  gneiss,  almost  directly  under- 
neath the  croppings,  following  the  southerly  dip  of  the  schists,  which 
seems  to  be  a  little  steeper  between  levels  2  and  3  than  it  is  above  level 
2.  The  ore  is  here  about  300  feet  vertically  below  the  surface.  The 
find  had  just  been  opened  last  year,  and  so  far  as  could  be  seen  from  the 
scanty  exposures,  the  body  is  about  50  feet  wide,  although  the  work- 
able part  has  only  one-half  of  that  width.  The  rocks  are  fresh  and 
their  study  gives  a  far  better  insight  into  the  relations  than  is  possible 
in  the  oxidized  ores  of  the  upper  workings. 

The  foot  wall  was  exposed  in  only  one  place,  and  is  the  fissile  biotite 
schist  referred  to  above.  Next  lie  irregular  masses  of  a  dark-green 
fine-grained  amphibolite  composed  of  bluish-green  and  colorless  am- 
phiboles,  the  two  colors  in  places  combined  in  one  prism,  and  of  grains 
of  labradorite,  possibly  also  other  feldspars,  and  some  disseminated 
particles  of  magnetite.  The  structure  is  diablastic  and  typical  of  a 
crystalline  schist.  Mixed  with  the  amphibolite  are  streaks  and 
bunches  of  an  almost  black  quartz  schist,  which  besides  a  quartz 
mosaic  contains  slender  prisms  of  a  pale-greenish  or  grayish-blue 
amphibole  with  scarcely  measurable  extinction  and  a  few  grains  of 
magnetite  and  chalcopyrite.  Then  follows  several  feet  of  heavy,  dark 
zinc-blende  ore,  which  under  the  microscope  shows  reddish-brown 
sphalerite  and  a  little  chalcopyrite  intimately  intergi'own  with  about 
equal  quantities  of  prisms  of  bluish-green  and  colorless  amphibole. 
The  bulk  of  the  ore  is  massive,  and  contains  both  zinc  blende  and 
chalcopyrite,  with  about  10  per  cent  of  magnetite  and  some  pyrite ;  as 
broken  it  is  ssaA  to  contain  about  20  per  cent  of  zinc.    Under  the 
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microscope  the  ore  shows  irregular  masses  of  reddish  garnet  pene- 
trated by  prisms  of  colorless  monoclinic  amphibole,  which  also,  in- 
tergrown  in  the  manner  of  the  crystalline  schists,  makes  up  the  bulk 
of  the  rock.  These  two  minerals  contain  grains  of  chalcopyrite, 
pyrite,  magnetite,  and  zinc  blende  in  relations  indicating  simultane- 
ous formation  with  the  minerals  of  the  crystalline  schists.  There  are 
also  small  grains  of  a  dark-green  spinel  and  a  little  feldspar,  ap- 
pai'ently  labradorite  or  anorthite. 

Toward  the  hanging- wall  side  the  ore  gradually  becomes  poorer 
and  changes  into  the  normal  garnet  gneiss  described  under  "  Ge- 
ology." In  places  it  is  chloritic  and  contains  large  dodecahedra 
of  garnet.  In  the  garnet  gneiss  the  same  bluish-gray  amphibole 
referred  to  in  a  previous  paragraph  was  observed.  It  is  evidently 
closely  related  to  glaucophane. 

The  following  minerals  occur  at  the  Sedalia  mine :  Chalcopyrite, 
pyrite,  sphalerite,  galena,  chalcocite,  malachite,  azurite,  cerusite,  a 
new  basic  lead-copper  sulphate,  magnetite,  spinel  (zinc  spinel?),  co- 
rundum, quartz,  garnet,  hornblende,  biotite,  glaucophane?,  staurolite, 
labradorite,  asbestos,  talc,  chlorite. 

Summary  and  genesis. — For  the  origin  of  the  Sedalia  deposit  the 
following  hypothesis  is  suggested: 

The  series  pf  micaceous  schists  at  the  Sedalia  mine  is  probably 
of  sedimentary  origin.  A  large  mass  of  diabase  or  gabbi:o  was  in- 
truded into  these  rocks  in  pre-Cambrian  time,  between  the  Sedalia 
mine  and  Salida ;  the  magma  contained  copper,  and  some  of  the  dikes 
intruded  into  the  folded  sediments  surrounding  the  igneous  massif 
were  products  of  differentiation  rich  in  copper  sulphides.  The  Se- 
dalia ore  deposit  is  probably  such  a  dike,  and  the  ores  originally 
consolidated  from  a  magma.  The  dike  followed  approximately,  but 
not  strictly,  the  planes  of  stratification.  Renewed  dynamometamor- 
phism  following  the  intrusion  accentuated  the  conversion  of  the  sedi- 
ments into  crystalline  schists,  and  changed  peripheral  parts  and  dikes 
of  the  intrusion  into  amphibolites.  The  ore  minerals  were  recrys- 
tallized  and  migrated  in  part  through  the  wall  rocks,  the  contact^ 
being  made  indistinct  by  the  pressure  and  rearrangement  of  minerals. 

In  its  present  form  the  deposit  is  assuredly  a  product  of  pre- 
Cambrian  dynamometamorphism,  and  to  judge  from  the  position  of 
the  covering  of  Paleozoic  crust  blocks  near  Turret  the  portion  now 
worked  was  at  least  1,500  feet  below  the  surface  upon  which  the  Cam- 
brian and  Carboniferous  sediments  were  deposited.  It  was  probably 
much  farther  below  the  surface  of  the  earth  at  the  time  of  the  in- 
trusion. The  intrusion  and  regional  metamorphism  of  the  diabase 
or  gabbro  was  followed  by  enormous  intrusions  of  granites,  which 
seem  to  be  barren  of  mineral  deposits.  Pressure  continued  after  the 
consolidation  of  these  rocks,  and  they  were  mada  i^^xiVs  "sriKv^w^. 
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The  last  feature  in  the  pre-Cambrian  intrusions  was  the  pegmatite 
dikes.  These  are  likewise  barren  and  one  of  them  has  cut  the  Sedalia 
deposit  in  two. 

Active  oxidation  has  converted  the  upper  200  feet  of  the  deposit 
into  copper  carbonates  and  chalcocite,  mixed  with  residual  sulphides, 
but  even  in  the  lowest  levels,  300  feet  below  the  surface,  there  are  in- 
dications of  incipient  oxidation.  The  water  level  is  at  present  below 
the  lowest  (No.  3)  tunnel.  There  is  no  well-defined  chalcocite  zone. 
In  the  upper  200  feet  of  the  deposit  the  zinc  blende  has  been  oxidized 
and  almost  wholly  removed  as  soluble  sulphate. 

COPPER   DEPOSITS   AT   TURRET. 

A  short  distance  west  of  the  Turret  mining  camp  (see  p.  160)  the 
granite  becomes  more  micaceous  and  somewhat  schistose.  At  the  In- 
dependence mine,  1  mile  west  of  Turret,  at  an  elevation  of  8,500  feet, 
the  strike  is  N.  55°  W.  and  the  dip  30°  NE.  The  schists  here  consist 
of  a  coarse  brown  "  augen  "  gneiss;  there  is  also  some  quartz-biotite- 
garnet  schist  like  that  at  the  Sedalia  camp.  Streaks  of  very  coarse 
amphibolite  embedded  in  this  gneiss  or  schist  contain  partly  oxidized 
chalcopyrite.  The  explorations  have  been  carried  down  200  feet 
along  the  dip.  The  mine  was  not  entered,  but  the  owner,  Mr.  P.  S. 
Plympton,  states  that  the  width  of  the  ore  body  is  30  feet,  with  a 
richer  streak  5  feet  wide.  Molybdenite  is  stated  to  occur  in  this  de- 
-posit.  A  considerable  tonnage  of  copper  ore,  low  in  gold  and  silver, 
was  hauled  down  to  the  railroad  in  1907  and  sold  to  smelters,  where 
it  is  used  for  purposes  of  flux  in  matte  concentration. 

The  Copper  King  is  another  deposit  of  very  similar  character  sit- 
uated between  Turret  and  the  Independence  mine. 

COPPER  PROSPECTS  AT  CLEORA. 

The  Cleora  district  is  situated  4  miles  south  of  Salida  along  Arkan- 
sas River.  Many  prospects  have  been  located  here,  but  no  important 
deposits  are  reported.  The  ore  is  chalcopyrite,  occurring  in  amphibo- 
lite schist,  and  the  occurrence  is  probably  similar  to  those  described 
above. 

COTOPAXI   MINE. 

The  little  settlement  of  Cotopaxi  is  located  24  miles  southeast  of 
Salida,  in  the  canyon  of  Arkansas  River,  at  an  elevation  of  6,373  feet, 
or  about  600  feet  below  Salida.  The  old  Cotopaxi  mine  is  located  in 
a  small  gulch  half  a  mile  northwest  of  the  railrpad  station.  It  has 
been  idle  for  many  years  and  the  underground  workings  were  closed 
in  1907,  but  it  was  at  one  time  a  considerable  shipper  of  copper  ore. 
The  lowest  tunnel  has  an  elevation  of  about  6,650  feet.  There  are 
three  tunnels,  40,  90,  and  120  feet  above  the  bottom  of  the  gulch. 
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The  prevailing  rocks  in  this  part  of  the  canyon  consist  of  reddish 
granite  or  gneissoid  granite  with  imperfect  schistosity.  Bunches  of 
irregular  pegmatite  dikes  are  also  present.  Approximately  1,500  feet 
above  the  river  on  the  north  side  the  Paleozoic  rocks  rest  flat  upon  the 
eroded  pre-Cambrian  complex.  The  deposit  occurs  in  granite  gneiss, 
with  irregular  strike  and  dip.  The  strike  is  chiefly  northeast  and 
southwest,  the  dip  about  45°  NW.  There  are  no  extensive  out- 
crops of  the  deposit,  which  appears  to  have  come  to  the  surface  only 
at  one  place  close  to  the  highest  tunnel.  As  the  underground  rela- 
tions could  not  be  seen,  the  following  notes  are  based  on  the  character 
of  the  rocks  as  shown  on  the  dump.  The  ore  minerals  are  massive 
ch&,lcopyrite,  and  dark-brown  zinc  blende,  in  intimate  intergrowth. 
There  are  also  a  few  grains  of  galena.  The  gangue  consists  of  quartz 
with  large  amounts  of  biotite,  reddish  garnets,  and  dark-green 
amphibole.  Some  of  the  material  on  the  dump  is  a  soft  schist  com- 
posed only  of  mica  and  garnet  with  a  few  grains  of  chalcopyrite. 
There  are  also  almost  pegmatitic  rocks  consisting  of  quartz,  labf  a- 
dorite,  and  dark-green  zinc  spinel,  with  a  little  chalcopyrite  and 
galena.  The  zinc  spinel  (gahnite)  is  abundant  in  places,  and  the 
locality  is  mentioned  by  Dana.  The  deposit  is  probably  a  lenticular 
mass  of  an  igneous  basic  ore-bearing  rock,  now  greatly  metamor- 
phosed and  conformable  to  the  schistosity  of  the  gneiss. 

The  similarity  to  the  Sedalia  deposit  is  unmistakable,  and  there 
seems  to  be  little  doubt  that  the  Cotopaxi  mine  should  be  classed  with 
the  pre-Cambrian  copper  deposits.  If  this  is  correct  the  ores  lie 
about  1,500  feet  below  the  eroded  surface  on  which  the  Paleozoic  sedi- 
ments were  deposited.  Probably  they  were  formed  at  a  far  greater 
depth  below  the  surface. 

PRE-CAMBRIAN  COPPER  DEPOSITS  IN  JEFFERSON 

COUNTY. 

LOCATION  AND  GEOLOGY. 

Jefferson  County  contains  a  part  of  the  Front  Range  just  west  of 
Denver.  Between  Golden,  on  Clear  Creek,  and  Evergreen,  on  Bear 
Creek,  are  several  copper  prospects  on  some  of  which  considerable 
development  work  has  been  done.  The  only  mine  which  has  any  pro- 
duction to  its  credit  is  the  Malachite  property. 

As  is  well  known,  the  Front  Range  is  in  this  region  almost  whox^y 
built  up  of  granite  and  gneissoid  rocks.  The  geology  has  been  briefly 
described  and  mapped  in  a  recent  paper  by  James  Underhill.** 
Several  kinds  of  granite  and  gneisses,  as  well  as  belts  of  diorite,  are 
described.  The  conclusion  of  this  author  is  that  the  whole  series  is 
of  igneous  origin,  and  that  the  rocks  were  possibly  formed  at  a  later 

•  Areal  geology  of  lower  Clear  Creek  :  Proc.  Colorado  Sci.  Soc,  vol.  8,  1906,  ^13. 10X-\2a. 
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period  thaii  has  generally  been  supposed,  perhaps  as  late  as  the  Devo- 
nian. It  is  difficult  to  accept  these  results  entirely.  The  general 
fact  of  a  great  unconformity  at  the  base  of  the  Cambrian  seems  fully 
proved  throughout  Colorado,  and  also  the  fact  that  there  were  no 
post-Cambrian  epochs  of  dynamometamorphism  in  this  region.  The 
age  of  the  gneiss  complex  of  the  Front  Range,  aside  from  some  later 
intrusions,  is  pre-Cambrian  beyond  question.  The  correctness  of 
recognizing  as  separate  intrusions  some  of  the  granites  outlined  by 
Underbill  seems  at  least  open  to  discussion,  and  the  igneous  origin 
of  some  of  the  gneisses  seems  likewise  doubtful.  Three  principal 
features  are  likely  to  impress  the  observer  of  the  geology  of  this 
region — first,  the  great  masses  of  biotite  schist,  compressed,  folded, 
and  contorted  in  the  most  extreme  manner;  second,  the  tremendous 
injection  of  granite  and  pegmatitic  material  to  which  this  schist  has 
been  subjected ;  third,  the  great  areas  of  somewhat  gneissoid  granite. 
The  biotite  schist  bears  all  the  earmarks  of  a  highly  metamorphosed 
sedimentary  series,  soaked  in  granitic  and  pegmatitic  magmas. 

Belts  of  amphibolite  are  inclosed  in  the  schists  a  few  miles  east  of 
Evergreen  and  continue  in  a  northwesterly  direction  for  at  least  a 
few  miles.  At  the  F.  M.  D.  prospect  the  belt  is  at  least  1,000  feet 
wide ;  the  schistosity  strikes  due  northwest  and  dips  75°  SW.  This 
amphibolite  contains  in  places  pegmatite  dikes,  showing  that  the  rock 
is  older  than  the  pegmatite  intrusions.  In  one  or  two  places  where 
good  exposures  are  available  dark,  fine-grained  diorites  or  diabases 
are  seen  to  cut  this  amphibolite  in  sharply  defined  narrow  dikes. 

ORE  DEPOSITS. 

In  general  the  copper  deposits  are  in  or  near  the  amphibolites.  At 
the  Despatch  property,  2  miles  below  Evergreen,  the  prevailing  rock 
is  granite,  but  there  is  also  some  schist.  The  shaft  is  reported  to  be 
140  feet  deep  and  two  "veins"  containing  copper  are  said  to  have 
been  encountered. 

The  F.  M.  D.  property  lies  on  a  tributary  to  Bear  Creek  about  5 
miles  northwest  of  Evergreen,  at  an  elevation  of  6,800  feet.  A  ver- 
tical shaft  350  feet  deep  has  been  sunk  here  and  three  "  veins "  of 
copper-bearing  ore  are  said  to  have  been  cut.  Work  is  suspended  and 
the  shaft  is  partly  filled  with  water.  The  country  rock  is  a  dark- 
green  amphibolitic  schist  which  contains  pyrite  and  chalcopyrite. 
The  rock  consists  of  intimately  intergrown  prisms  of  ragged  green 
hornblende  and  foils  of  biotite.  In  and  between  these  minerals  lies  a 
mosaic  of  labradorite.  Accessories  are  apatite  and  magnetite,  the 
latter  intergrown  with  pyrite  and  chalcopyrite.  The  rock  is  probably 
a  metamorphosed  diabase.  Coarse-grained  masses  of  a  pale-green 
labradorite  (?)  feldspar,  quartz,  and  biotite  occur  in  the  schist,  per- 
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haps  as  a  dike,  and  contain  pyrite  and  chalcopyrite.  Fractures  in  this 
rock  are  coated  by  secondary  pyrite  and  an  unusual  mineral  in  small 
aggregates  of  rhombohedra  of  brilliant  luster.  According  to  an 
analysis  by  Dr.  E.  C.  Sullivan,  this  mineral  is  a  rare  zinciferous 
siderite  containing  11.6  per  cent  of  zinc  oxide  and  allied  to  the  sub- 
species monheimite.  The  pyritic  deposit  at  the  F.  M.  D.  mine  seems 
to  trend  east  and  west,  toward  the  Malachite  mine  and  obliquely  to 
the  schistosity,  and  it  perhaps  represents  a  dike  somewhat  later  than 
the  mass  of  the  amphibolite.  The  continuity  of  the  pyritic  ores  be- 
tween the  two  deposits  is,  however,  not  proved.  A  small  prospect 
shaft  a  quarter  of  a  mile  west  of  the  Malachite,  toward  the  F.  M.  D., 
shows  amphibolite  schist  with  streaks  of  chalcopyrite  and  pyrite  con- 
taining a  little  garnet  and  epidote.  Barren  pegmatite  dikes  cut  this 
amphibolite. 

The  Malachite  mine  is  situated  on  a  high  ridge  near  the  northerly 
divide  of  Bear  Creek,  IJ  miles  east  of  the  F.  M.  D.,  at  an  elevation 
of  7,000  feet.  Many  years  ago  this  mine  produced  a  considerable 
amount  of  oxidized  ores,  and  intermittent  small  shipments  have  been 
made  since  then.  The  value  of  the  total  production  is  estimated  by 
the  former  owners  to  be  $35,000.  These  ores  were  taken  out  from  a 
shaft  150  feet  in  depth.  A  tunnel  300  feet  in  length  has  been  driven 
in  a  northerly  direction  to  tap  the  lower  workings  at  the  bottom  of 
this  shaft,  and  at  the  time  of  visit  this  tunnel  was  being  reopened. 

The  entire  length  of  the  tunnel  is  in  contorted  biotite  and  amphi- 
bole  schist  intersected  by  pegmatite  dikes.  The  deposit  opened  by 
the  old  shaft  does  not  appear  to  be  directly  continued  on  the  tunnel 
level,  but  immediately  beyond  the  shaft  thie  tunnel  had  just  inter- 
sected an  irregular  mass  of  sulphides  about  10  feet  in  width.  Of  the 
position  of  this  ore  with  reference  to  the  upper  workings  nothing 
definite  can  be  said,  as  these  workings  were  not  accessible.  The  ore 
is  massive  and  consists  of  coarse  masses  of  chalcopyrite,  zinc  blende, 
and  pyrrhotite,  said  to  contain  some  nickel.  It  contains  very  little 
gold  and  silver.  Sharply  defined  but  small  octahedra  of  pyrite  are 
embedded  in  the  pyrrhotite.  The  minerals  occurring  with  the  ores 
are  augite,  a  pale-green  feldspar  in  grains  up  to  1  centimeter  in 
diameter,  and  small  grains  of  quartz.  The  thin  section  reveals  the 
fact  that  the  feldspar  is  labradorite  in  broad  plates;  a  pale-green 
augite  is  abundantly  intergrown  with  the  feldspar  in  gabbro  struc- 
ture. A  few  grains  of  apatite  and  titanite  form  the  accessory  min- 
erals. The  feldspar  is  in  part  sericitized  and  the  augite  is  locally 
converted  to  greenish-brown  hornblende.  The  abundant  ore  min- 
erals in  the  sections  are  pyrrhotite,  chalcopyrite,  and  dark-brown 
zinc  blende,  all  three  genetically  equivalent  and  intergrown  with 
augite  and  feldspar  in  a  manner  to  indicate  simultaneous  crystalli- 
zation.    The  sulphides  include  these  minerals,  and  vice  vexj^-a.^  IW 
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included  augite  is  sharply  defined  with  curved  contact  lines.  The 
inevitable  conclusion  is  that  the  ores  form  part  of  a  gabbroitic 
dike  rock  and  that  they  have  crystallized  from  a  molten  magma. 

A  few  of  the  ores  are  surrounded  by  a  colorless  or  pale-yellow 
epidote  and  a  little  quartz,  which  probably  resulted  from  secondary 
action  in  the  consolidated  rock. 

The  Malachite  ore  deposit  is,  then,  a  gabbro  dike  containing  mag- 
matic  sulphides  later  than  the  main  mass  of  schists,  but  probably 
earlier  than  the  pegmatite.  The  proof  of  pre-Cambrian  age  is  not 
quite  as  strong  as  at  the  Sedalia  mine.  Marked  points  of  resemblance 
will  easily  be  perceived  between  all  these  copper  deposits  so  far 
described,  and  it  seems  justifiable  to  regard  them  all  as  differentiation 
products  of  a  basic  magma,  in  places  changed  and  rearranged  bv 
dynamometamorphism. 

The  Augusta  lode  on  Cub  Creek,  half  a  mile  above  Evergreen,  is  a 
very  different  deposit.  Ore  containing  copper  and  silver  was  shipped 
from  it  several  years  ago  and  work  has  been  resumed  at  intervals. 
The  principal  development  consists  of  a  shaft  130  feet  deep.  The  lode 
is  a  sharply  defined  quartz-fluorite  vein,  occurring  in  red  granite;  its 
strike  is  north-northwest  and  its  dip  70°  WSW.  Yellow  zinc  blende 
and  chalcocite  are  the  ore  minerals.  The  vein  shows  distinct  crusti- 
fication,  and  is  evidently  very  much  younger  than  the  deposits  de- 
scrilxjd  above. 

CM)PPKU  I>KIH)81T8  IN  THE   "RED  BEDS"  OF  FREMONT 

COUNTY, 

LOCATION. 

The  Red  Gulch  copper  district  is  situated  in  Fremont  County  about 
9  miles  due  north  of  Cotopaxi  station  on  the  Denver  and  Rio  Grande 
Railroad.  The  elevation  at  this  station  is  6,373  feet,  and  the  high 
plateau  at  the  Red  Gulch  camp  has  an  elevation  of  about  8,000  feet. 

GEOLOGY. 

The  Arkansas  River  canyon  is  here  cut  in  pre-Cambrian  gneiss  and 
schist.  On  the  north  side  of  the  river  and  about  1,500  feet  above  it  a 
block  of  Paleozoic  limestones  gently  inclined  eastward  rests  upon  the 
eroded  pro-Cambrian  surface.  The  road  to  the  copper  camp  ascends 
steeply  for  a  few  miles  in  Bernard  Creek,  enters  the  limestone  area, 
crosses  eastward  over  into  Red  Gulch,  the  next  tributary  to  the 
Arkansas  from  the  north,  and  here  enters  the  "  Red  Beds,"  which 
overlie  the  limestones  and  like  them  dip  about  20°  E.  Following 
Red  Gulch,  the  road  continues  northward  for  3  or  4  miles  in  a  wide, 
open  valley,  a  sort  of  high  plateau,  in  which  the  creek  runs  with 
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slight  fall.  At  the  camp  is  a  small  settlement  called  Copperfield,  and 
half  a  mile  farther  north  another  named  Springfield.  Immediately 
east  of  Red  Gulch,  and  in  places  following  the  creek  bed,  a  great 
north-south  fault  brings  up  the  pre-Cambrian  gneissoid  granites 
above  the  "  Red  Beds,"  and  these  rocks  form  the  whole  eastern  slope 
of  the  valley,  which  rises  about  1,000  feet  above  the  watercourse. 
On  the  western  side  the  ridge  of  Paleozoic  limestones  is  seen  in  the 
distance. 

The  series  of  sedimentary  rocks  exposed  along  Red  Gulch  is  ap- 
proximately as  follows.  The  examination  extended  over  only  one 
day  and  was  in  the  nature  of  a  rapid  reconnaissance. 

Approximate  section  of  ^^  Red  Beds''  at  Red  Gulch,  Colorado, 

Top.  Feet. 

1.  Gray  limestone,  partly  silicified 250 

2.  Red  or  green  shale 20 

3.  Red    conglomerate 20 

4.  Red  or  green  shale 30 

5.  Conglomerate 40 

6.  Dark-green   shales 200 

The  main  body  of  Carboniferous  limestones  lies  at  an  undetermined 
distance  below  No.  6.  The  original  color  of  the  shales  and  conglom- 
erates is  apparently  dark  green,  but  oxidation  rapidly  turns  them  to 
a  deep  brownish-red  color.  Water  is  scarce  and  evidently  contains 
a  large  amount  of  sulphates.  The  age  of  these  beds  is  doubtful.  The 
limestones  contain  some  imperfect  round  crinoid  stems,  and  more 
careful  search  would  probably  reveal  better  fossils.  The  series  prob- 
ably belongs  in  the  upper  Paleozoic  column. 

Within  a  distance  of  a  few  hundred  to  1,000  feet  from  the  great 
fault  the  beds  begin  to  dip  more  steeply,  and  at  the  fault  they  have 
at  many  places  assumed  a  vertical  position.  A  few  smaller  transverse 
east-west  faults  were  noted.  The  only  rock  intrusive  in  the  "  Red 
Beds  "  is  a  thoroughly  oxidized  east-west  dike,  a  fourth  of  a  mile 
north  of  Springfield,  which  is  said  to  contain  a  little  silver.  It  has 
no  apparent  connection  with  the  copper  deposits. 

COPPER  DEPOSITS. 

At  several  horizons  the  "  Red  Beds  "  of  Red  Gulch  contain  copper 
ores — chalcocite,  malachite,  and  azurite — and  the  deposits  are  of  the 
type  made  familiar  by  many  occurrences  in  New  Mexico,  Arizona,  and 
western  Colorado.  Their  existence  has  been  known  for  many  years, 
but  active  exploration  began  only  in  1907,  and  several  companies  are 
now  operating  in  the  camp.  Two  cars  of  high-grade  ore  and  several 
cars  of  low-grade  material  are  said  to  have  been  shipped  in  1907, 
principally  from  the  Red  Gulch  and  Copper  Prince  mines. 
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The  Copper  Pxince  property  lies  a  short  distance  northwest  of  Cop- 
perfield  and  covers  a  slope  of  heavy  red  conglomerate  of  well-washed 
pre-Cambrian  rocks.  Bunches  of  oxidized  copper  ores  and  chalco- 
cite  are  found  in  the  pits  sunk  in  the  conglomerate,  apparently  with- 
out exception  associated  with  coaly  material  representing  fossil  wood. 
In  a  coaly  shale  bed  below  the  conglomerate,  exposed  in  a  small  shaft, 
chalcocite  occurred  more  abundantly. 

The  Colorado  Copper  Company  has  sunk  a  shaft  on  the  hill  about 
1,000  feet  east  of  the  creek  at  Copperfield  and  150  feet  above  it;  the 
depth  attained  in  September,  1907,  was  about  250  feet.  The  water 
is  kept  in  check  by  bailing.  The  sediments  between  the  creek  and 
the  shaft  dip  eastward  at  moderate  angles  and  consist  of  red  shale 
with  one  intercalated  bed  of  conglomerate.  Near' the  shaft  they  dip 
at  a  steeper  angle  and  the  shales  turn  into  reddish-brown  limestone. 
At  the  granite  contact  about  100  feet  east  of  the  shaft  the  strata  stand 
vertically  or  dip  a  few.  degrees  from  the  vertical  to  the  west.  The 
fault  is  clearly  marked,  but  no  ore  appears  to  follow  it.  Copper 
stains  appear  in  various  places,  especially  in  a  belt  of  quartzitic  rock 
which  lies  near  the  contact,  but  it  was  not  claimed  that  large  ore 
bodies  had  been  found. 

The  most  interesting  developments  are  at  Springfield,  half  a  mile 
north  of  Copperfield.  The  Red  Gulch  Gold  and  Copper  Mining 
Company  is  operating  at  this  place  just  east  of  the  creek  and  has 
sunk  a  shaft  150  feet  deep  on  an  incline  of  70°  from  the  horizontal. 
Some  rich  chalcocite  ore  has  been  shipped.  The  fault  lies  here 
within  a  few  hundred  feet  of  the  creek.  On  the  west  side  are  gently 
dipping  shales  and  conglomerates,  which  near  the  shaft  of  the  com- 
pany gradually  assume  a  dip  of  70°.  The  ore  follows  a  bed  of  car- 
bonaceous shale  4  feet  wide.  In  the  foot  wall  lies  a  heavy  red  con- 
glomerate; the  hanging  wall  consists  of  about  50  feet  of  red  shales 
with  some  intercalated  conglomerate.  The  dip  here  becomes  nearly 
vertical.  The  shales  are  capped  by  about  200  feet  of  gray,  partly 
silicified  limestone,  which  adjoins  the  great  fault  bringing  up  the  pre- 
Cambrian  granitic  complex.  The  dark-gray,  soft  ore-bearing  shale 
contains  seams  of  a  compact  bituminous  coal  up  to  an  inch  or  more 
in  thickness,  and  in  places  abundantly  disseminated  chalcocite.  The 
copper  mineral  appears  to  follow  the  coal  seams  very  closely,  and 
specimens  show  a  peculiar  ore  of  intimately  intergrown  chalcocite 
and  coal.  It  is  stated  that  the  coal  itself  contains  copper.  Polished 
sections  show  that  this  is  due  to  very  minute  veinlets  of  the  copper 
sulphide  in  the  coal.  According  to  a  determination  by  Doctor 
Hillebrand  the  coal  contains  some  vanadium.  The  analysis  gave 
0.114  V0O3.  The  chalcocite  also  occurs  in  smooth  nodules  in  the 
shale,  usually  1  or  2  inches  in  diameter.  Sections  of  these  nodules 
show  that  the  bedding  planes  of  the  shale  continue  through  them  and 
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the  inference  is  plain  that  they  replace  coaly  shale  material.  The 
only  associated  mineral  thus  far  found  is  barite,  narrow  seams  of 
which  cut  both  ore  and  coal.  The  pure  chalcocite  is  said  to  contain 
at  most  10  ouiices  of  silver  per  ton.  No  ore  occurs  in  the  red  shale, 
nor  in  the  conglomerate  or  the  limestone.  The  fault  plane  is  likewise 
barren. 

Half  a  mile  north  of  Springfield  are  the  Acme  and  Queen  Princess 
properties.  These  are  located  on  a  gently  dipping  cupriferous  dark- 
gray  or  dark-green  shale,  probably  the  lower  part  of  No.  6  in  the 
section  (p.  I7l).  At  the  Queen  Princess  two  ore-bearing  deposits,  12 
feet  apart,  have  been  opened.  The  surface  shows  but  little  copper, 
but  about  15  inches  from  the  outcrops  green  stains  and  narrow  seams 
of  soi&ty  chalcocite  appear.  The  ore  is  apparently  of  low  grade.  The 
shale  of  the  Red  Gulch  mine  lies  probably  200  feet  above  this  horizon, 
but  no  copper  is  reported  from  it  at  this  place. 

CONCLUSIONS. 

The  copper  deposits  of  this  district  are  in  the  main  similar  to  those 
in  the  "  Red  Beds  "  of  New  Mexico  and  Arizona  and  share  with  them 
certain  disadvantages  of  exploitation,  being  generally  of  low  grade 
and  presenting  diflSculties  of  concentration,  or  leaching.  Whether 
any  property  contains  payable  ore  bodies  can  be  determined  only  by 
careful  sampling  and  close  consideration  of  problems  of  transporta- 
tion and  reduction.  As  far  as  known  to  the  writer  the  bodies  of 
low-grade  disseminated  ore  in  the  "  Red  Beds  "  have  not  been  profit- 
ably handled  anywhere,  in  spite  of  many  attempts.  On  the  other 
hand,  the  finding  of  rich  chalcocite  shipping  ore  in  the  coaly  shale 
is  a  more  promising  feature,  encouraging  further  exploration  in 
favorable  places. 

GENESIS. 

In  view  of  the  extended  discussion  of  the  genesis  of  the  copper 
deposits  in  the  "  Red  Beds,"  the  data  obtained  in  this  camp  are  of 
more. than  passing  interest.  The  earlier  view  that  the  copper  ores 
were  formed  simultaneously  with  the  accumulation  of  the  strata  in 
which  they  occur  has  lately  been  disputed,  and  theories  explaining 
their  origin  by  ascending  thermal  solutions  or  by  precipitation  from 
circulating  surface  waters  have  been  advanced.  The  primary  ore 
of  the  Red  Gulch  district  is  unquestionably  chalcocite.  Its  connec- 
tion with  the  beds  containing  carbon  is  equally  unquestionable.  Sec- 
tions of  the  ore  occurring  in  the  Red  Gulch  mine  show  that  the  chal- 
cocite is  deposited  by  replacement  of  this  coal,  which  of  course  would 
exercise  a  strong  reducing  action.  If  this  theory  is  accepted  it  fol- 
lows that  the  solution  must  have  contained  copper  sulphate.  The 
presence  of  barite  and  the  known  gypsiferous  character  of  the  "  lied 
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Beds  "  indicate  that  sulphate  solutions  would  be  abundant  in  them. 
The  reaction  probably  took  place  according  to  the  following  formula, 
in  which  it  can  be  shown  that  chalcocite  and  carbon  would  be  ex- 
changed almost  volume  for  volume:  4CuS04+5C+2H20==2Cu2S+ 

This  reaction  would  not  appear  to  necessitate  ascending  or  heated 
waters,  but  could  proceed  at  ordinary  temperatures  in  circulating 
surface  waters.  It  has  been  shown  in  preceding  pages  that  the  pre- 
Cambrian  rocks  which  furnish  the  material  for  the  "  Red  Beds  "  con- 
tain old  copper  deposits.  The  degradation  of  these  pre-Cambrian  de- 
posits would  distribute  through  the  "  Red  Beds "  an  appreciable 
amount  of  copper  salts,  partly  soluble,  partly  sulphides.  When  sur- 
face waters  containing  oxygen  searched  these  beds  copper  would 
naturally  be  dissolved  as  a  sulphate,  and  its  precipitation  as  chalco- 
cite would  follow  wherever  agents  of  reduction,  such  as  carbon,  were 
available. 


NOTES  ON  THE  FORT  HALL  MINING  DISTRICT,  IDAHO; 


By  F.  B.  Weeks  and  V.  C.  Heikes. 


ES^TBODUCTION. 

The  Fort  Hall  mining  district  is  located  in  Bannock  County, 
southern  Idaho,  near  the  city  of  Pocatello  and  along  the  Oregon 
Short  Line  Railroad.  The  present  paper  contains  the  results  of  a 
brief  reconnaissance  undertaken  in  October,  1907. 

The  mining  district  was  established  June  17,  1902,  and  its  area 
comprises  all  of  the  ceded  portion  of  the  Fort  Hall  Indian  Reserva- 
tion lying  within  Bannock  County.  It  extends  approximately  26 
miles  north  and  south  and  30  miles  east  and  west,  comprising  an  area 
of  about  750  square  miles.  Pocatello  lies  in  the  northwestern  part  of 
the  district. 

TOPOGRAPHY  AND   DRAINAGE. 

Portions  of  three  mountain  ranges  are  included  within  the  district — 
the  Pocatello  Range  in  the  western,  the  Bannock  Range  in  the  cen- 
tral, and  the  Portneuf  Range  in  the  eastern  part.  These  ranges  trend 
north  and  south  and  are  fairly  well  defined.  The  upper  and  the 
lower  Portneuf  valleys  and  the  Marsh  Creek  valley  are  the  principal 
depressions.    (See  fig.  10.) 

The  Portneuf  Range  extends  from  the  valley  of  Ross  Fork  on  the 
north,  to  Cache  Valley  on  the  south.  On  the  east  is  a  wide  valley 
known  as  Portneuf  Valley,  and  on  the  west  it  is  separated  from 
the  Bannock  Range  by  the  south  fork  of  Ross  Fork,  Rapid  River, 
and  a  portion  of  Portneuf  River.  It  is  about  40  miles  long  and  its 
average  width  is  12  to  15  miles.  The  principal  peaks  are  Mount  Put- 
nam and  Bonneville  Peak,  the  latter  having  the  greater  elevation — 
9,200  feet.  Portneuf  River  has  cut  a  deep  canyon  across  the  southern 
part  of  the  range  nearly  at  right  angles  to  its  trend.  South  of  this 
canyon  the  range  is  formed  of  several  parallel  ridges  of  less  eleva- 
tion, but  much  wider  in  mass  than  the  northern  part  of  the  uplift. 

The  Bannock  Range  is  bounded  on  the  north  by  the  valley  of  Ross 
Fork  and  extends  southward  to  the  headwaters  of  Malade  Creek. 
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Portneuf  River  cuts  through  the  range  at  right  angles  to  its  trend 
about  10  miles  north  of  its  canyon  through  the  Portneuf  Range.  The 
northern  portion  of  the  Bannock  Range  is  formed  of  the  Tertiary 
and  basalt  hills  south  of  Ross  Fork,  the  hills  west  of  Mount  Putnam, 
and  the  ridge  which  faces  the  lower  valley  of  the  Portneuf.  South  of 
the  Portneuf  Canyon  the  range  extends  to  the  headwaters  of  Marsh 
and  Malade  creeks. 

The  Pocatello  Range  extends  from  the  Snake  River  plains  south- 
ward to  the  headwaters  of  Bannock  and  Malade  creeks  and  is  formed 
of  a  broad  mass  of  hills  and  ridges. 
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Portneuf  River  and  its  tributaries  drain  the  three  ranges  above 
described.  This  stream  forms  one  of  the  principal  southern  branches 
of  Snake  River.  Its  course  is  very  irregular.  It  rises  in  the  hills 
north  of  Portneuf  Valley,  which  form  the  divide  separating  the  Great 
Basin  from  the  Pacific  drainage,  and  flows  southward  for  about  35 
miles,  penetrating  the  eastern  portion  of  the  Portneuf  Range ;  turns 
abruptly  to  the  west  and  cuts  directly  through  the  range;  thence  flows 
northwestward  and  northward  for  about  10  miles,  paralleling  the 
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valley  of  Marsh  Creek,  from  which  it  is  separated  by  a  basalt  flow 

from  1  to  2  miles  wide;  turns  again  abruptly  to  the  west  and  cuts 

through  the  Bannock  Range  a  short  distance  below  the  mouth  of 

Marsh  Creek;  and  thence  flows  northwestward  into  Snake  River. 

Before  reaching  the  Snake  the  Portneuf  receives  the  waters  of  Ross 

Fork  from  the  east  and  Bannock  Creek  from  the  south. 

The  basaltic  flows  through  which  the  Portneuf  has  cut  a  channel  of 

considerable  depth  and  which  form  benches  reaching  back  to  the  foot 

of  the  mountain  slopes  are  prominent  features  of  the  valley  of  this 

stream. 

GBOIiOGY. 

STRATIGRAPHY. 

The  sedimentary  strata  exposed  in  the  Fort  Hall  mining  district 
extend  from  the  upper  Cambrian  to  the  lower  Carboniferous.  They 
outcrop  principally  along  the  higher  portions  of  the  ridges  and  have 
been  folded  into  a  series  of  anticlines  and  synclines.  The  lower 
slopes  are  usually  covered  by  debris  and  the  Portneuf  Valley  is  filled 
by  basalt  flows. 

CAMBRIAN  AND  ORDOVICIAN. 

Only  the  upper  beds  of  the  Cambrian  system  are  exposed  in  this 
area,  in  the  Pocatello  Range  and  along  the  western  slope  of  the  Port- 
neuf Range.  They  form  the  northern  extension  of  the  strata  exposed 
along  the  eastern  side  of  Malade  Valley,  and  their  age  has  been  de- 
termined by  fossils  collected  and  identified  by  Charles  D.  Walcott.^ 
The  strata  comprise  siliceous  and  cherty  limestones  and  are  conform- 
ably overlain  by  Ordovician  sandstones.  The  Ordovician  rocks  cover 
the  greater  part  of  the  district.  They  are  mainly  quartzites,  con- 
glomerates, and  shales,  with  a  series  of  limestones  50  to  75  feet  thick 
in  the  upper  part.  The  total  thickness  is  approximately  3,000  feet. 
They  represent  the  horizon  of  the  Ogden  quartzite  of  the  Wasatch 
Range  and  by  change  in  character  of  sediments  probably  include  the 
limestones  of  Ordovician  age,  which  occur  above  and  below  the  Ogden 
quartzite  in  that  region.  ^ 

DEVONIAN,   SILURIAN,  AND   CARBONIFEROUS. 

Field  work  by  the  senior  author  in  1905  in  the  northern  part  of  the 
Wasatch  Range  has  shown  that  Devonian  and  Silurian  strata  occur 
in  that  region.  It  is  possible  that  strata  of  the  same  age  may  be  pres- 
ent on  the  eastern  slope  of  the  Portneuf  Range  beneath  the  known 
Carboniferous  limestones.^ 


•  Personal  communication  ;  also  Sixth  Ann.  Rept.  U.  S.  Geol.  Survey  Terr.,  1873,  pp. 
203-204. 

•  Eleventh  Ann.  Rept.  U.  S.  Geol.  and  Geog.  Survey  Terr.,  1870,  pp.  329-aaQ, 

47076— Bull  340— 08 12  ' 
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Carboniferous  rocks  occur  only  in  the  northeastern  comer  of  the 
district.  They  consist  of  limestones  of  Mississippian  age,  as  shown 
by  fossils  collected  by  the  Hayden  Survey.** 

STRUCTURE. 

An  anticlinal  fold,  formed  by  Cambrian  and  Ordovician  strata, 
follows  approximately  the  trend  of  the  Pocatello  Range.  West  and 
a  little  south  of  the  canyon  of  Portneuf  River  through  the  Ban- 
nock Range  this  fold  is  broken,  probably  by  a  thrust  fault.  South- 
east of  Pocatello  the  valley  of  the  Portneuf  occupies  a  syncline  which, 
south  of  the  bend  of  the  river,  is  broken  by  a  fault  of  considerable 
displacement. 

The  Bannock  Range  is  formed  by  an  anticlinal  fold  that  follows 
its  general  trend.  This  structure  is  well  shown  on  the  ridge  north  of 
the  Portneuf  Canyon.  South  of  this  canyon  the  ridge  shows  only  the 
eastern  side  of  the  fold.  In  the  tunnel  of  the  Fort  Hall  copper  mine 
the  lower  part  of  this  fold  is  shown  to  be  broken  by  a  fault. 

Between  the  Portneuf  and  Bannock  ranges  the  valley  of  Port- 
neuf River  occupies  a  synclinal  basin.  The  strata  rise  in  a  low  anti- 
cline along  the  western  slope  of  the  Portneuf  Range,  exposing  the 
Cambrian  limestones  in  a  rather  narrow  north-south  belt  extending 
across  the  district.  The  main  ridge  is  an  eastward-dipping  mono- 
cline of  Ordovician  strata  which  merges  into  a  low  syncline  in  the 
southern  part  of  the  upper  Portneuf  Valley. 

An  east-west  structure  section  across  the  district  is  shown  in  fig.  11. 

IGNEOUS  ROCKS. 

With  the  exception  of  the  basaltic  flows,  igneous  rocks  are  of  rare 
occurrence  in  the  Fort  Hall  district.  On  the  north  side  of  the  can- 
yon of  the  Portneuf  through  the  Bannock  Range  is  exposed  a  gray- 
ish-green rock,  which  under  the  microscope  is  seen  to  be  of  igneous 
origin.  The  structure  of  the  rock  indicates  that  it  was  probably 
poured  out  through  a  vent  or  fissure  as  a  sheet  of  lava.  In  its  present 
outcrop  it  appears  as  more  or  less  regularly  defined  beds.  South  of 
the  river  it  is  not  found  in  any  of  the  underground  workings,  so  far 
as  known,  but  it  may,  nevertheless,  underlie  the  main  ridge  at  no 
great  depth.  To  the  north  and  east  of  the  river  it  rises  on  the  upward 
pitch  of  the  Bannock  anticline  and  forms  the  surface  rock  over  a 
considerable  area  on  the  western  side  of  a  second  anticline  that  is 
developed  in  the  region  known  locally  as  Moonlight. 

In  the  hand  specimen  the  rock  is  of  medium  grain  and  rather  com- 
pact, but  shows  distinct  amygdaloidal  texture.  It  is  as  a  rule  some- 
what schistose  and  has  probably  been  subjected  to  the  action  of  the 

•  Sixth  Ann.  Kept.  U.  S.  Geol,  Survey  Terr.,  1873,  p.  206 ;  Eleven^l^  Ann.  Kept.,  ^879, 
p.  503, 
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dynamic  forces  which  have  affected 
the  associated  sedimentary  rocks.  Un- 
der the  microscope  it  appears  greatly 
decomposed,  but  still  preserves  its 
character  as  an  amygdaloidal  diabase. 
Its  most  prominent  characteristic  is 
the  occurrence  of  many  elongated 
amygdules  filled  with  coarse  calcite 
and  rimmed  by  hematite.  Portions  of 
the  rock  mass  are  very  strongly  schis- 
tose and  stained  with  copper  carbon- 
ates. Others,  more  massive,  contain 
specks  of  chalcopyrite  and  pyrrhotite. 
A  deep-green  chlorite  is  the  most 
abundant  mineral,  but  remains  of 
augite  still  show  in  places,  as  well  as 
locally  preserved  triclinic  feldspars  of 
lathlilce  form. 

OBE    DEPOSITS. 

OCCURRENCE. 

Prospecting  work  has  been  done  at 
several  points  since  this  portion  of  the 
Fort  Hall  Reservation  was  thrown 
open  to  the  public,  but  the  most  im- 
portant mining  operations  have  been 
carried  on  by  the  Pocatello  Gold  and 
Copper  Company,  owning  the  Moon- 
light group  of  claims  in  the  northern 
part  of  the  district,  and  the  Fort  Hall 
Mining  Company  in  the  southern  part. 
(See  fig.  10.)  The  valuable  metals 
of  the  ores  are  copper,  silver,  and  gold. 
The  occurrence  of  lead  is  limited  to 
small  quartz  veins  in  the  limestone, 
and  a  little  of  this  metal  is  also  asso- 
ciated with  the  copper  minerals  in  the 
Fort  Hall  prospects.  Some  manga- 
nese oxide  and  iron  ore  are  found  in 
parts  of  the  district,  but  no  attempt 
has  been  made  to  ship  the  material. 

The  Moonlight  property  is  located 
at  the  head  of  Rabbit  Creek,  about  9 
miles  east  of  Focatello,  and  hag  been 
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worked  steadily  since  the  opemng  of  the  reservation  in  1902.  Soon 
after  the  opening  the  Pocatello  Gold  and  Copper  Mining  Company 
(Limited)  was  incorporated  to  operate  the  property.  During  1904 
two  carloads  of  copper  ore  of  a  good  grade  were  shipped  to  the 
smelters.  The  development  consists  of  a  crosscut  tunnel  830  feet  long 
driven  westward,  at  the  end  of  which  is  an  upraise  opened  for  90  feet 
for  the  purpose  of  connecting  with  known  ore  bodies.  This  part  of 
the  work  was  abandoned,  however,  and  attention  was  given  to  taking 
out  the  ore  near  the  surface.  Two  tunnels  have  been  driven  near  the 
top  of  the  hill,  275  feet  and  75  feet  long.  The  ore  deposits  occur  in 
the  conglomerate  as  opened  in  the  workings  near  the  top  of  the  hill. 
The  minerals,  bornite  and  copper  glance,  associated  with  some  car- 
bonate of  copper  near  the  surface,  are  found  in  small  kidneys  and  in 
fractures  or  fissures  in  the  conglomerate.  These  have  a  north-south 
trend  and  dip  about  40°  E. 

The  Fort  Hall  Mining  Company  owns  property  located  about  IJ 
miles  west  of  Portneuf  siding,  on  the  Oregon  Short  Line,  and  8  miles 
southeast  of  Pocatello.  The  development  consists  of  a  crosscut  tunnel 
driven  for  3,890  feet  to  the  east  through  several  different  formations 
of  the  sedimentary  rocks.  These  rocks  have  a  westerly  dip  at  the 
mouth,  but  at  1,200  feet  in  the  dip  is  eastward.  Near  the  end  of  this 
tunnel  a  crosscut  is  being  driven  and  the  sinking  of  a  winze  has  been 
commenced. 

Adjoining  the  Fort  Hall  property  are  claims  owned  by  the  Papoose 
Mining  Company.  The  development  consists  of  a  400-foot  tunnel 
driven  in  black  shale  toward  the  west.  This  rock  is  apparently  the 
same  formation  as  that  in  which  the  Fort  Hall  Company  terminates 
its  tunnel,  and  the  Papoose  management  expects  to  cut  the  Fort  Hall 
mineral  zone  by  extending  its  tunnel  a  few  hundred  feet  farther. 
There  are  numerous  other  prospects  in  the  district  on  which  some 
development  work  has  been  done,  especially  on  the  east  side  of  the 
ridge  south  of  Portneuf  River. 

GEOLOGY. 

The  ore  deposits  of  the  Fort  Hall  district  occur  in  conglomerates 
and  shales  of  Ordovician  age.  These  rocks  are  exposed  in  the  anti- 
clinal fold  which  forms  the  Bannock  Range  and  in  another  fold  of 
similar  character  which  occupies  the  area  between  this  range  and  the 
Portneuf  Range,  locally  known  as  the  Moonlight  region.  A  few  hun- 
dred feet  beneath  the  strata  in  which  the  ores  occur  is  an  intercalated 
mass  of  diabase,  which  probably  is  a  surface  flow  of  Ordovician  age, 
and  which  appears  to  have  been  an  important  factor  in  the  ore  de- 
position. 

In  the  Moonlight  area  the  ore  occurs  in  a  dark-colored  conglomer- 
ate, which  lies  500  to  600  feet  above  the  shale  series  which  contains 
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the  ore  of  the  Fort  Hall  mine.  The  stresses  that  produced  sharply 
compressed  folds  in  the  shales  were  relieved  by  fracturing  and  the 
formation  of  fissures  in  the  conglomerate  in  which  the  ores  were 
deposited. 

In  the  vicinity  of  the  Fort  Hall  mine  the  ore  occurs  in  a  gray  cal- 
careous shale  which  is  No.  11  of  the  section  in  the  Fort  Hall  tunnel, 
given  below.  This  ore-bearing  zone  comprises  approximately  125 
feet  of  crumpled  and  contorted  layers  of  shale  and  thin-bedded  lime- 
stones. The  Fort  Hall  tunnel  shows  the  following  section,  the  thick- 
ness having  been  measured  along  the  tunnel  level: 

General  section  of  the  Fort  Hall  tunnel. 

Feet. 

1.  Brown  conglomerate  made  up  of  granite  and  quartz  bowlders,  rang- 

ing in  size  from  small  pebbles  to  bowlders  12  inches  in  diameter 

in  a  brown  cementing  material,  dipping  40°  W 400 

2.  Brownish-gray  quartzitic  sandstone  made  up  of  subangular  grains 

in   a    sericitic    matrix 420 

3.  Gray  slates,  thinly  laminated  and  contorted,  the  ends  of  the  beds 

thrust  upward  against  a  white  quartz  vein,  which  marks  a  plane 
of  thrust  faulting.  Throughout  the  shales  there  are  nearly  ver- 
tical white  quartz  veins  ranging  from  1  to  3  inches  in  width.  Small 
nodtiles  of  chalcopyrite  and  iron  pyrite  are  disseminated  in  white 
quartz  465 

4.  Grayish-green  compact  dolomitic  shale,  composed  of  angular  quartz 

grains,   sericite,   and  aggregates  of  dolomite.    At  the  contact  of 

the  shaje  and  conglomerate  the  dip  is  20°  E 325 

5.  Conglomerate,   fractured  and  brecciated.     Open  fissure,   with  much 

water  at  contact  of  conglomerate  in  lO-inch  quartz  vein 245 

6.  Quartzitic  sandstones  dipping  40°  to  54°  E 275 

7.  Brown    conglomerate    composed    of    large   quartzite   bowlders    in   a 

brown    quartzy    cementing   material.     Probably    mineralized    zone 

of  the  Moonlight  area 800 

8.  Varicolored  calcareous  shale 50 

9.  Fine-grained  gray  sandstone,  dipping  20°  to  40°  E 300 

10.  White  and  gray   siliceous  and   calcareous   shale  containing  quartz 

seams 275 

11.  Laminated  gray  shale  and  thin-bedded  limestone  in  beds  from  1  to 

3  inches  thick.     Dip  26°  to  40°  E.     Zone  of  ore  deposition 125 

12.  Compact  gray  to  black  calcareous  shale 210 

3,890 
CHARACTER  OF  ORE. 

• 

In  the  Moonlight  area  the  principal  minerals  occurring  in  the 
fissures  in  the  ^conglomerate  are  bornite  and  copper  glance,  associated 
with  carbonate  of  copper  near  the  surface.  In  the  southern  part  of 
the  district,  in  the  Fort  Hall  and  adjacent  mines,  the  most  abundant 
mineral  is  chalcopyrite,  occurring  as  veinlets  in  the  sharply  compressed 
folds.  There  is  also  some  pyrite.  A  small  amount  of  galena  is  con- 
tained in  the  limestone  strata.     The  company  reported  that  a  general 
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sample  from  the  ore  zone  125  feet  in  width  along  the  tunnel  level  was 
tested  to  determine  the  proper  methods  of  milling  the  product.  A 
ratio  of  concentration  of  11.05  tons  of  crude  ore  to  1  of  concentrates 
gave  the  following  results:  Copper,  12.3  per  cent;  gold,  0.13  ounce 
per  ton ;  silver,  4.30  ounces  per  ton ;  iron,  26.4  per  cent ;  silica,  16.1 
per  cent ;  and  lead,  0.8  per  cent.  The  gangue  consists  of  quartz  with 
some  calcite.  A  specimen  consisting  of  chalcopyrite  and  quartz  in 
about  equal  quantities  contained,  according  to  an  analysis  made  by 
the  Bureau  of  the  Mint,  0.05  ounce  of  gold  and  0.75  ounce  of  silver 
per  ton. 

The  copper-bearing  shale  zone  contains  innumerable,  mostly  non- 
persistent  veins  and  veinlets  filled  with  quartz,  calcite,  and  chalco- 
pyrite, with  smaller  amounts  of  pyrite.  These  veinlets  are  bent,  cor- 
rugated, and  contorted.  The  shale  itself  is  a  normal  clay  shale  with 
sericite  in  minute  flakes  and  aggregates  of  dolomite.  Next  to  the 
seams  of  quartz  and  chalcopyrite  sericite  is  developed  more  abun- 
dantly over  a  distance  of  a  few  millimeters.  The  banded  limestones 
intercalated  with  shales  contain  seams  of  metasomatically  developed 
cubes  of  pyrite  and  also  some  albite  which  has  the  appearance  of 
being  authigenetic. 

FORM  OF  THE  DEPOSITS. 

At  the  Moonlight  property,  as  stated  above,  the  bornite  and  chal- 
copyrite occur  in  small  masses  along  fractures  in  the  Ordovician 
conglomerate.  At  the  Fort  Hall  property  the  ore  body  appears  on 
the  surface  as  a  broad  belt  of  limonite-stained  rock  which  can  be 
traced  by  irregular  outcrops  for  a  considerable  distance  and  which 
contains  little  or  no  copper.  There  are  no  developments  of  note  in 
this  surface  zone,  but  the  tunnel  intersects  a  bed  of  cupriferous  shale 
(No.  11  in  above  section)  approximately  800  feet  below  the  crop- 
pings  (measured  vertically)  and  in  a  position  which  indicates  that 
it  corresponds  stratigraphically  with  them.  Measured  along  the  dip 
this  would  indicate  a  distance  of  about  1,600  feet  from  the  outcrops 
to  the  tunnel  level.  The  thickness  of  the  ore-bearing  bed  would  be 
about  80  feet. 

From  present  knowledge  it  is  doubtful  whether  the  ore  bodies 
■shown  are  of  sufficient  value  to  warrant  the  expenditure  of  the  large 
amount  of  capital  required  for  their  extraction  and  reduction.  At 
the  Fort  Hall  and  adjacent  mines  deposition  of  minerals  of  economic 
value  has  taken  place  irregularly  through  a  zone  of  sedimentary 
strata  of  considerable  width  and  a  large  amount  of  very  low  grade 
ore  must  be  handled.  Local  conditions  affecting  the  cost  of  mining 
and  milling  operations  should  be  most  carefully  considered  in  con- 
nection with  plans  for  the  mining  of  these  ores.     Some  enrichment 
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may  possibly  have  taken  place  in  the  lower  part  of  the  zone  of  oxida- 
tion between  ihe  barren  croppings  and  the  poor  ore  of  the  tunnel 
level. 

ORIGIN  OF  THE  ORES. 

Chalcopyrite  ores  low  in  gold  and  silver  occurring  in  fissured 
zones  in  sedimentary  rocks  and  not  apparently  associated  with 
igneous  rocks  are  unusual  for  the  Cordilleran  province  and  there- 
fore of  interest  in  any  study  of  the  origin  and  formations  of  ore 
deposits  in  general.  The  occurrence  of  a  flow  of  diabase  interca- 
lated in  the  sediments  within  a  comparatively  short  distance  below 
the  ore  bodies  and  the  presence  of  disseminated  copper  minerals  in 
it  suggest  the  hypothesis  that  the  diabase  is  the  original  source  from 
which  the  ore  minerals  in  the  sedimentary  strata  were  derived. 

The  amygdaloid  diabase  probably  represents  an  Ordovician  lava 
flow  from  some  deeper-seated  source.  The  succeeding  sediments 
were  laid  down  upon  it.  After  the  beginning  of  the  crustal  move- 
ments by  which  the  strata  were  elevated  and  folded  into  the  present 
mountain  ranges,  the  ores  may  have  been  leached  from  this  diabase 
and  deposited  higher  up  by  ascending  more  or  less  heated  surface 
waters.  Where  the  circulation  of  these  waters  through  the  inter- 
stices or  along  the  planes  of  stratification  or  plication  in  the  shales 
was  arrested  a  deposition  of  minerals  held  in  solution  took  place. 
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MINERAL  RESOURCES  OF  NORTHEASTERN  OKLAHOMA. 


By    C.    E.    SlEBENTHAL. 


INTROBUCTIOlSr. 

The  field  reconnaissance  on  which  this  report  is  based  was  made 
during  June  and  July,  1907,  occupying  in  all  about  six  weeks.  The 
itinerary  comprised  two  excursions — the  first  from  Miami  to  Cho- 
teau,  Claremore,  Chelsea,  Coodys  Bluff,  Centralia,  and  Chetopa;  the 
second  from  Bluejacket  to  Coffeyville,  Tulsa,  Catoosa,  Broken  Arrow, 
Mounds,  Haskell,  Morris,  Muskogee,  Tahlequah,  Choteau,  Vinita,  and 
Miami.  The  object  of  the  reconnaissance  was  to  determine  the  mutual 
relations  of  the  Pennsylvanian  formations  of  the  Wyandotte,  Inde- 
pendence, and  Muskogee  quadrangles.  Incidentally,  considerable  ma- 
terial bearing  on  the  stratigraphic  and  economic  geology  of  the  area 
was  accumulated.  This  material  is  brought  together  here  and  sum- 
marized with  all  available  data  from  other  sources,  in  order  to  satisfy 
as  best  it  may,  until  detailed  surveys  are  made,  the  demand  for  infor- 
mation concerning  this  part  of  the  new  State. 

GEOGRAPHY. 

The  area  covered  by  the  accompanying  map  (PL  II)  is  83  miles 
broad  from  east  to  west  and  104  miles  in  length  from  north  to  south. 
It  includes  the  northeastern  portion  of  the  Creek  Nation,  practically 
the  whole  of  the  Cherokee  Nation,  and  all  of  the  seven  small  reserva- 
tions in  northeastern  Oklahoma,  viz,  the  Seneca,  Wyandotte,  Ottawa, 
Shawnee,  Modoc,  Peoria,  and  Quapaw. 

The  topographic  maps  of  the  Five  Tribes  Survey  were  available 
for  the  region  and,  though  somewhiat  out  of  date  as  regards  culture, 
were  adequate  for  the  purposes  of  the  reconnaissance.  The  region  is 
embraced  in  nine  30-minute  quadrangles — the  Wyandotte,  Vinita, 
Nowata,  Claremore,  Pryor,  Siloam  Springs,  Tahlequah,  Muskogee, 
and  Okmulgee — also  including  a  portion  of  the  Nuyaka  quadrangle. 
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The  Wyandotte  quadrangle  has  been  recently  surveyed  topographic- 
ally and  geologically,  and  the  report  is  now  in  course  of  preparation, 
a  summary  of  the  principal  geologic  features  being  incorporated 
herein.  The  Siloam  Springs  quadrangle  was  touched  by  this  recon- 
naissance on  the  northwest  and  southwest  corners  only.  The  geology 
of  the  Tahlequah  and  Muskogee  quadrangles  is  described  in  detail  in 
the  geologic  folios  on  those  areas  by  Joseph  A.  Taff,  and  has  been 
summarized  on  the  accompanying  map  for  the  purpose  of  showing  the 
relation  of  the  geologic  structure  in  that  section  to  the  structure  in 
the  northeastern  portion  of  the  region. 

In  addition  to  this  detailed  geologic  mapping,  there  have  been 
several  previous  reconnaissances.  Drake  ^  in  1897  published  a  paper 
dealing  particularly  with  the  coal  fields  of  Indian  Territory,  but 
embodying  a  map  and  a  general  description  of  the  geology.  Adams  ^ 
in  1901  gave  a  preliminary  account  of  the  geology  and  development 
of  the  Kansas-Oklahoma  oil  and  gas  field,  with  an  accompanying 
geologic  map  of  the  area.  The  same  author^  in  1903  correlated 
and  described  various  limestone  beds  in  the  Cherokee  and  Osage 
nations  and  delineated  their  outcrop  on  a  map.  Taff**  in  1905  de- 
scribed the  coal  measures  of  the  Indian  Territory  and  gave  two  maps, 
one  covering  approximately  the  area  shown  on  the  map  accompany- 
ing this  report;  the  other  covering  the  area  adjoining  it  on  the  south, 
showing  the  main  coal  fields  of  the  State  and  based  in  large  part  on 
the  detailed  folio  mapping  of  those  fields.  Taflf  and  Shaler  ^  in  1905 
gave  a  brief  description  of  a  small  oil  field  near  Muskogee,  with  an 
account  of  the  geologic  column  and  the  general  structure. 

The  map  accompanying  the  present  report  contains  considerably 
more  detail  than  others  which  have  preceded  it  covering  the  same  ter- 
ritory, and  is  designed  to  supplant  them.  In  studying  the  distribu- 
tion of  the  geologic  formations  or  the  structure  of  the  west  border  of 
the  Ozark  uplift,  it  will  be  found  helpful  to  use  this  map  in  connec- 
tion with  PL  I  of  Bulletin  No.  260,  both  having  the  same  scale  and 
joining  along  the  parallel  of  35°  30'. 

STRATIGRAPHY. 

ORDOVICIAN  ROCKS. 

The  Ordovician  rocks  outcrop  only  in  the  valleys  of  the  larger 
streams  that  dissect  this  part  of  the  Ozark  uplift,  and  in  general  only 
where  local  elevations  bring  them  within  reach  of  the  drainage.  In 
the  Tahlequah  quadrangle  they  are  exposed  in  the  valleys  of  Barren 
Fork  and  Illinois  River.     They  are  there  made  up  of  the  Burgen 

«  Drake,  N.  F.,  Proc.  Am.  Phil.  Soc,  vol.  36,  1897,  pp.  226-419. 

«» Adams,  G.  I.,  Bull.  U.  S.  Geol.  Survey  No.  184,  1901,  pp.  5-28. 

^Bull.  U.  S.  Geol.  Survey  No.  211,  1903,  pp.  61-65. 

*»  Taff,  J.  A.,  Bull.  U.  S.  Geol.  Survey  No.  260,  1905,  pp.  382-401. 

«'  Taff,  J.  A.,  and  Shaler,  M.  K.,  Bull.  U.  S.  Geol.  Survey  No.  260,  1905,  pp.  441-445. 
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sandstone,  100  feet  thick,  overlain  by  the  Tyner  formation,  whicb^ 
consists  of  shale  with  subordinate  limestone  and  sandstone,  the  whole 
60  to  100  feet  in  thickness.  What  is  presumably  the  Tyner  formation 
is  exposed  in  the  bottom  of  Spring  Creek  10  miles  above  the  mouth. 
In  the  vicinity  of  Spavinaw  dolomites  and  fossiliferous  cherts  are 
exposed  in  an  area  about  a  mile  long,  which  has  been  described  by 
Drake.**  According  to  Ulrich  the  fossils  show  the  age  of  these  rocks 
to  be  the  same  as  that  of  the  Jefferson  City  formation.  The  Ordovi- 
cian  sediments  at  this  locality  are  intruded  by  a  dike  of  reddish 
granitic  rock,  75  feet  or  more  in  width,  and  probably  1,800  feet  in 
length.  Drake  reports  also  an  exposure  of  Ordovician  rocks  on 
Illinois  River  extending  downstream  from  the  Arkansas  line  for  a 
distance  of  about  12  miles.  He  states  that  the  thickness  exposed  here, 
as  at  Spavinaw,  is  about  200  feet.  Similar  dolomites  and  magnesian 
limestones  with  oolitic  opalescent  chert  lenses  outcrop  in  the  Wyan- 
dotte quadrangle  in  the  bluflf  of  Neosho  River,^  4  miles  above  the 
mouth  of  Cowskin  River.  From  10  to  13  feet  of  the  formation  is 
shown  above  low  water.  Where  the  Horse  Creek  anticline  crosses 
Buffalo  Creek,  3  miles  above  Tiff  City,  it  brings  to  the  surface  26 
feet  of  the  Ordovician  rocks,  consisting  of  dolomite  with  a  little 
chert,  in  some  places  oolitic.  Both  the  Neosho  River  and  Buffalo 
Creek  exposures  are  nonfossiliferous. 

SILURIAN  ROCKS. 

The  only  rocks  of  Silurian  age  in  the  area  here  discussed  are  found 
in  the  southern  part  of  the  Tahlequah  quadrangle,  and  have  been 
described  by  Taff  in  the  Tahlequah  folio  as  the  St.  Clair  marble. 

DEVONIAN  ROCKS. 

The  Chattanooga  shale  is  exposed  in  almost  all  the  deeper  stream 
valleys  between  Tahlequah  and  Cowskin  River.  In  the  east  bluff 
of  Neosho  River,  3  miles  above  the  mouth  of  Cowskin  River,  the 
thickness  is  26  feet;  on  Buffalo  Creek  it  is  20  feet,  at  Southwest  City 
50  feet,  at  the  mouth  of  Honey  Creek  83  feet,  and  at  Spavinaw  90 
feet.  On  Spring  Creek  25  feet,  not  the  full  thickness,  was  noted. 
Taff  reports  the  thickness  in  the  northern  part  of  the  Tahlequah 
quadrangle  as  40  feet,  and  in  the  southern  part  as  20  feet. 

The  Sylamore  sandstone  member,  which  reaches  a  thickness  of  20 
to  30  feet  in  the  Tahlequah  quadrangle,  does  not  appear  in  the 
Spavinaw  region.  On  Buffalo  Creek  a  thin  bed  of  sandstone  with 
a  maximum  thickness  of  4  inches  intervenes  between  the  Ordovician 
rocks  and  the  Chattanooga  shale,  and  is  tentatively  referred  to  the 
Sylamore  member. 

"Proc.  Am.  Phil.  Soc,  vol.  36,  1897,  p.  343. 

*  This  river  is  mapped  as  the  Neosho  in  accordance  with  a  decision  of  the  United  States 
Geographic  Board.     The  portion  below  Spring  River  is  known  locally  as  Grand  River, 
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CARBONIFEROUS  ROCKS. 
-^      '  MISSISSIPPIAN  SERIES. 

The  Boone  formation  is  made  up  of  an  alternating  series  of  lime- 
stones and  cherts,  approximately  300  to  350  feet  in  thickness  where 
fully  developed.  It  forms  the  surface  rock  over  by  far  the  largest  part 
of  the  area  of  Mississippian  rocks.  At  the  base  of  the  formation  there 
is  always  present  a  limestone  member,  consisting  at  the  top  of  a  heavy 
ledge  of  coarsely  crystalline  encrinital  limestone,  or  marble,  which  is 
usually  10  to  15  feet  in  thickness.  This  bed  is  separated  by  several 
feet  of  shaly  limestone  from  a  lower  ledge  of  flaggy  limestone,  locally 
rather  cherty  and  in  many  places  irregularly  bedded,  which  lies  upon 
the  Chattanooga  shale.  The  upper  ledge  usually  outcrops  as  a  smooth, 
wall-like  bluff,  from  which  large  blocks,  the  full  thickness  of  the 
ledge,  break  away.  It  has  been  correlated  with  the  St.  Joe  limestone 
member  in  the  Tahlequah  and  Fayetteville  folios.  This  limestone  is 
normally  overlain  by  a  series  of  dark  limestones  and  cherts  from  50  to 
80  feet  thick.  Above  these,  to  the  top  of  the  formation,  are  lighter 
colored  cherts  and  limestones,  with  one  or  more  massive  ledges  of 
limestone  10  to  20  feet  in  thickness.  The^Short  Creek  oolite  member, 
noted  in  the  Joplin  district,  is  found  in  the  east  half  of  the  Wyan- 
dotte quadrangle  wherever  its  horizon  is  exposed,  though  west  of 
Spring  and  Neosho  rivers  it  usually  pinches  out  or  loses  its  oolitic 
character. 

The  Chester  group  outcrops  in  a  strip  several  miles  wide  inside  the 
border  of  the  Mississippian  area.  In  the  southern  part  the  Fayette- 
ville formation  and  the  Wedington  member  are  represented,  but  in 
the  Wyandotte  quadrangle  the  group  comprises  the  Batesville,  Fay- 
etteville (with  its  Wedington  member),  and  Pitkin  formations. 
These  are  persistent  formations  northward  almost  to  the  Kansas  line, 
but  in  the  area  which  has  been  subject  to  underground  solution  they 
occur  chiefly  in  patches  occupying  solution  depressions  or  ancient 
sink  holes. 

PENN8YLVANIAN    SERIES. 

Correlation  of  the  Cherokee  formation. — The  Cherokee  formation 
as  defined  by  the  Kansas  geologists,  includes  all  the  various  shales 
and  sandstones  in  southeastern  Kansas  which  lie  between  the  base 
of  the  Pennsylvanian  and  the  Fort  Scott  limestone.  This  limestone, 
as  will  be  noted  on  the  map,  has  been  traced  from  a  point  near 
Chetopa,  Kans.,  to  and  beyond  Arkansas  River.  Here,  in  Concharty 
Mountain,  the  limestone  is  overlain  by  a  bed  of  sandstone,  the  cap 
rock  of  the  mountain,  and  underlain  by  a  bed  of  coal.  The  sandstone 
strikes  off  southwestward,  extending  nearly  to  Baldhill.  The  Hen- 
ryetta  coal  sets  in  a  few  miles  south  of  Baldhill,  in  the  §ame  line  of 
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strike,  and  is  probably  the  equivalent  of  the  coal  below  the  Fort 
Scott  that  is  mined  at  Evans,  Catoosa,  and  many  other  points  to  the 
northeast.  The  Henryetta  coal  has  been  traced  by  Taff  and  Shaler 
for  many  miles  to  the  southwest,  outcropping  beneath  a  prominent 
escarpment  of  sandstone,  apparently  the  equivalent  of  the  Calvin 
sandstone  of  the  Coalgate  quadrangle.  Beneath  the  Calvin  sand- 
stone the  following  formations,  with  the  thickness  indicated,  out- 
crop successively  toward  the  east  along  the  parallel  of  35° :  Senora 
sandstone,  500  feet;  Stuart  shale,  275  feet;  Thurman  sandstone, 
250  feet;  Boggy  formation,  1,200-2,000  feet;  Savanna  sand- 
stone, 1,150  feet;  and  McAlester  shale,  2,000  feet.  Beneath  the 
McAlester,  in  the  Atoka  quadrangle  to  the  south,  Hq  the  Hartshorne 
sandstone,  200  feet  thick,  and  the  Atoka,  3,000  feet.  This  9,000+ 
feet  of  Pennsylvanian  shales  and  sandstones  is  represented  at  the 
Kansas  line  by  a  thickness  of  but  500  feet  of  Cherokee.  There  is  a 
pronounced  thinning  of  these  formations  both  northward  and  south- 
westward  from  the  vicinity  of  Canadian  River,  where  there  was 
apparently  a  basin  in  which  the  deposits  were  much  heavier  than  else- 
where. As  described  by  Taff  the  formations  from  the  McAlester 
to  the  Senora  inclusive  decrease  in  thickness  50  per  cent  in  passing 
from  east  to  west  across  the  Coalgate  quadrangle.  To  the  north 
a  similar  thinning  takes  place,  but  in  addition  there  has  been  a  warp- 
ing of  the  west  end  of  the  Ozark  dome,  which  resulted  in  the  trans- 
gression and  overlap  of  the  later  formations  upon  the  older  ones. 
This  is  shown  by  the  pinching  out  of  the  Savanna  formation  just 
south  of  the  area  shown  on  the  accompanying  map  (see  Bulletin  No. 
260,  PI.  I,  p.  382)  and  by  the  discordance  of  the  strike  of  the  Boggy 
formation  with  that  of  the  Fort  Scott  limestone  and  overlying  forma- 
tions. The  base  of  the  Boggy  formation,  traced  northwestward, 
strikes  Arkansas  River  6  or  7  miles  below  Haskell.  On  the  north 
side  of  the  river  the  topography  is  gentle  and  the  stratigraphy  is 
partly  concealed  by  heavy  deposits  of  silt  and  sand  that  have  been 
blown  up  from  the  Arkansas  bottoms  in  the  dry  season  by  the  pre- 
vailing southwest  winds.  As  well  as  may  be  judged,  however,  the 
strike  swings  to  the  northeast  in  alignment  with  the  strike  of  the 
overlying  formations.  This  would  locate  the  beginning  of  the  warp- 
ing of  the  uplift  in  the  period  between  the  Winslow  and  the  Boggy 
and  would  account  for  the  cutting  out  of  the  outcrop  of  the  Savanna 
formation.  The  continuation  of  the  sandstone  and  the  shales  of  the 
Winslow  beneath  the  overlapping  formations  would  naturally  be 
sought  in  the  line  of  strike  of  the  present  outcrop  of  those  rocks. 
Because  of  the  probable  curvature  of  the  shore  line  of  the  uplift,  the 
buried  extension  of  the  Winslow  should  be  expected  somewhere 
between  Chelsea,  Nowata,  and  Coffeyville,  Kans.  In  this  connec- 
tion there  arises  ^n  interesting  speculation  as  to  the  relation  of  these 
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buried  Winslow  sandstones  to  the  oil  sands  of  the  AUuwe-Coodys 
Bluff  field,  which  will  be  considered  elsewhere,  in  the  discussion  of 
the  oil  fields. 

The  Cherokee  formation  is  thus  apparently  the  equivalent  of  the 
various  formations  from  the  Boggy  to  the  Senora  inclusive,  though 
it  may  be  that  the  upper  formations  overlap  a  portion  of  the  Boggy, 
and  that  the  Cherokee  represents  only  the  upper  portion  of  the  Boggy 
together  with  the  overlying  formations.  The  question  can  be  settled 
only  by  detailed  work  in  the  region  involved. 

Fort  Scott  limestone. — The  distribution  of  the  Fort  Scott  limestone 
has  been  considered  to  some  extent  in  the  preceding  discussion.  In 
the  Kansas  reports  it  was  at  first  called  the  Oswego  limestone  and  it 
is  known  by  that  name  to  most  drillers  in  the  Midcontinent  field. 
In  the  type  locality,  at  Fort  Scott,  Kans.,  it  consists  of  two  beds  of 
limestone  separated  by  7  feet  of  very  dark  shale.  The  upper  lime- 
stone is  from  10  to  14  feet  thick,  and  the  lower  one,  which  is  the  rock 
used  for  hydraulic  cement,  is  4^  feet  thick.  Below  the  lower  lime- 
stone there  is  black  shale  for  a  few  feet,  underlain  by  a  bed  of  coal, 
18  to  22  inches  thick.  This  bed  has  been  mined  considerably  in  the 
vicinity  of  Fort  Scott  and  in  the  Kansas  reports  is  called  the  Fort 
Scott  coal.  Though  in  reality  classed  in  the  Cherokee  formation,  it 
has  been  at  times  more  or  less  loosely  included  with  the  Fort  Scott. 
As  shown  in  the  section  on  coal  (p.  215),  the  bed  which  is  extensively 
stripped  east  of  Ceijtralia  lies  between  two  limestones  of  the  Fort 
Scott  formation.  Toward  the  north,  however,  the  lower  of  the  two 
limestones  disappears,  leaving  the  coal  beneath  all  the  limestone,  and 
thus  in  the  same  position  as  the  Fort  Scott  coal.  This  indicates  a 
possibility  that  the  dark  shale  and  the  coal  beneath  the  Fort  Scott 
formation  should,  in  reality,  be  included  in  that  formation. 

In  the  vicinity  of  Coodys  Bluff  the  Fort  Scott  is  about  115  feet 
thick  and  consists  of  four  limestone  beds  separated  by  shale.  The 
limestone  beds,  from  the  top  down,  are  respectively  10,  40,  10,  and 
8  feet  thick  and  the  intervening  shales  5,  10,  and  35  feet  thick.  At 
Sageeyah,  as  shown  by  the  drill,  a  bed  of  coal  comes  in  between  the 
two  limestones  which  make  up  the  formation  and  outcrops  in  the 
escarpment  to  the  east.  At  Catoosa,  according  to  the  drill  record,  the 
formation  has  a  thickness  of  154  feet,  comprising  six  beds  of  lime- 
stone with  intervening  layers  of  shale  and  two  beds  of  coal.  To  the 
south  some  of  the  beds  of  limestone  disappear,  and  the  intervening 
shales  become  sandy  or  give  place  to  sandsone.  A  drill  log  shows 
that  near  Broken  Arrow  the  formation  has  a  thickness  of  130  feet 
and  contains  two  thin  beds  of  limestone,  one  at  the  top  and  the  other 
at  the  bottom.  A  thin  bed  of  coal  occurs  just  below  the  upper  lime- 
stone and  another  one  just  below  the  lower  limestone.  The  lower 
coh)  }s  taken  to  be  the  coal  mined  at  Evans,  4  miles  east  of  Broken 
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Arrow.  The  sandstone  in  the  middle  of  the  formation  becomes  more 
prominent  south  of  Arkansas  River,  and  forms  the  cap  rock  of  Con- 
charty  Mountain,  in  the  northern  and  eastern  bluffs  of  which  the 
lower  limestone  is  exposed,  underlain  by  coal.  The  extension  of  the 
formation  beyond  Concharty  Mountain  has  already  been  considered. 

Labette  shale. — At  the  Kansas-Oklahoma  line,  according  to  the 
Kansas  geologists,  the  Pawnee  limestone  is  separated  from  the  Fort 
Scott  limestone  by  the  Labette  shale,  which  there  has  a  thickness  of 
only  a  few  feet,  though  farther  north  in  Kansas  it  is  60  feet  thick,  and 
to  the  south  it  increases  to  more  than  200  feet.  In  the  vicinity  of  • 
Coodys  Bluff  and  farther  south  a  bed  of  massive  fine-grained  buff 
sandstone  15  to  50  feet  thick  is  included  in  the  upper  portion  of  the 
shale. 

Pawnee  limestone, — The  Pawnee  limestone,  generally  known  as  the 
"  big  lime  "  by  drillers,  is  the  lower  member  of  the  formation  which 
has  been  called  the  Oologah  limestone.  Its  thickness  ranges  from 
25  to  45  or  50  feet  on  the  outcrop,  but  is  reported  to  reach  80  to  100 
feet  in  drill  holes,  possibly  owing  to  confusion  with  some  overlying  or 
underlying  bed  of  limestone.  In  many  places  it  splits  up  into  two 
or  more  beds  separated  by  shale  members,  as  exemplified  in  the  sec- 
tion of  the  bluff  east  of  Nowata,  given  on  page  221,  in  the  discussion 
of  cement  materials.  Considerable  white  to  light-buff  spongy  chert 
is  included  in  the  upper  part  of  the  limestone  and  forms  a  residual 
mantle  over  the  surface.  This  part  of  the  formation  is  especially  apt 
to  be  massive  and  to  form  a  perpendicular  cliff  from  which  large 
rectangular  blocks  from  10  to  25  feet  in  dimensions  break  off.  The 
Pawnee  makes  a  prominent  escarpment  along  the  west  bluff  of  Big 
Creek  and  Verdigris  River  from  the  Kansas  line  to  Catoosa  and  caps 
the  high  ridge  from  that  point  to  Broken  Arrow,  beyond  which  it 
becomes  thinner  and  difficult  to  trace. 

Bandera  shale, — The  Pawnee  limestone  is, separated  from  the  Par- 
sons formation  above  by  a  bed  of  shale,  known  as  the  Bandera  forma- 
tion in  Kansas  and  there  ranging  from  50  to  more  than  140  feet  in 
thickness.  Near  Coffey ville,  Kans.,  it  is  shown  by  drill  records  to 
be  135  feet  thick,  and  at  Wimer,  Okla.,  its  thickness  must  be  more 
than  100  feet.  Southwestward  it  thins  rapidly,  and  in  the  vicinity 
of  Delaware,  Nowata,  Oologah,  and  CoUinsville  is  but  10  or  20  feet 
thick.  As  well  as  can  be  made  out  from  the  available  drill  records, 
the  shale  disappears  altogether  in  the  vicinity  of  Owasso,  and  is  ab- 
sent from  that  place  westward,  allowing  the  lower  limestone  of  the 
Parsons  to  rest  directly  upon  the  Pawnee.  Between  Tulsa  and 
Catoosa,  however,  the  shale  thickens  up  and  the  two  limestones  are 
again  separated  by  an  interval  of  100  feet.  To  the  southwest  the  in- 
terval is  as  great  or  greater,  though  the  correlation  in  that  direction 
is  not  very  satisfactory. 
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Parsons  formation, — The  Parsons  formation  is  made  up  of  two 
limestone  beds  separated  by  a  shale  member. 

Drake  proposed  the  name  Oologah  for  the  limestone  outcropping 
in  the  vicinity  of  the  town  of  that  name.  Adams  «  quoted  Bennett  as 
recognizing  that  there  are  two  limestones  at  Oologah,  the  upper  one 
of  which  he  determined  to  be  the  equivalent  of  the  lower  limestone 
of  the  Parsons.  The  lower  Oologah  limestone,  as  already  shown,  is 
to  be  correlated  with  the  Pawnee  limestone. 

The  lower  limestone  of  the  Parsons  has  a  thickness  of  15  to  30  feet. 
It  is  a  bluish,  fine-grained  crystalline  limestone  with  considerable 
chert  which  weathers  out  and  mantles  the  surface.  South  of  the 
Kansas  line  this  limestone  caps  the  escarpment  parallel  to  the  outcrop 
of  the  Pawnee  limestone  along  Big  Creek  and  from  2  to  3  miles  west 
of  it.  It  crops  out  at  the  base  of  the  hills  on  the  east  side  of  Verdi- 
gris River  from  Coffey ville  to  a  point  opposite  Lenapah,  where  it 
crosses  the  river  and  gradually  rises  in  the  west  bluffs  until,  in  the 
vicinity  of  Nowata,  it  covers  the  tops  of  the  hills  of  which  the 
Pawnee  forms  the  east  escarpment.  This  relative  position  persists 
through  Talala  and  Oologah  to  the  vicinity  of  Owasso.  South,  of 
Owasso  the  limestone  spreads  out  along  the  valley  of  Mingo  Creek  to 
a  point  west  of  Broken  Arrow,  where  it  becomes  inconspicuous. 
South  of  Arkansas  River  the  lower  limestone  of  the  Parsons  seems  to 
be  represented  by  the  thin  bed  of  calcareous  claystone  with  lumps  of 
blue  limestone,  weathering  yellow,  which  crops  out  in  the  ridge  IJ 
miles  west  of  Bixby  and  becomes  more  prominent  in  the  vicinity  of 
Duck  Creek,  5  miles  southwest  of  Bixby. 

The  middle  member  of  the  Parsons  formation  is  a  sandy  shale 
55  feet  in  thickness  at  the  State  line  southeast  of  Coffeyville.  It 
thickens  to  130  feet  at  Nowata,  and  continues  to  increase  in  thick- 
ness to  the  south.  West  of  Watova  the  Dawson  coal  sets  in  100 
feet  below  the  upper  limestone,  and,  as  shown  on  the  map,  is  traced  to 
and  beyond  Mounds.  In  a  drill  hole  6  miles  west  of  Broken  Arrow 
the  shale  has  a  thickness  below  the  coal  of  approximately  500  feet. 

The  upper  limestone  of  the  Parsons  in  Oklahoma  has  a  thickness  of 
15  to  20  feet,  and  is  a  bluish,  densely  crystalline,  clinky  limestone 
with  light  blotches,  which  weather  out  as  opaque  white  cherty  lumps, 
in  places  thickly  distributed  through  the  residual  clay.  The  forma- 
tion is  typically  exposed  in  the  quarry  at  the  rock  crusher  2  miles 
north  of  Lenapah.  Farther  south  it  has  a  broad  outcrop  east  of  the 
railway,  extending  to  Delaware,  beyond  which  it  forms  a  low  escarp- 
ment on  the  west  side  of  the  railway.  At  Nowata,  where  the  member 
is  20  feet  in  thickness,  the  lower  part  consists  of  earthy  encrinital 
limestone,  the  middle  part  is  shaly,  and  the  upper  part  is  earthy  lime- 
stone weathering  into  pebbly  lumps.    A  thin  limestone  representing 
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this  member  caps  the  hill  2  miles  northwest  of  Watova.  Beyond  this 
point  no  more  is  seen  of  the  limestone  until  the  vicinity  of  Tulsa  is 
reached.  Southwest  of  Tulsa,  according  to  Taff,*»  limestone  which 
weathers  yellow  lies  about  100  feet  above  the  Dawson  coal  in  the  vi- 
cinity of  Mounds  and  elsewhere,  as  shown  on  the  accompanying  map. 
This  bed,  in  all  probability,  is  a  continuation  of  the  upper  Parsons 
limestone. 

Drum  limestone. — The  Drum  limestone  outcrops  with  a  thickness 
of  22  feet  on  the  point  of  the  ridge  at  the  State  line  3  miles  southwest 
of  Coffey ville,  Kans.,  and  extends  westward  adjacent  to  the  State 
line  for  about  4  miles,  to  a  point  Where  it  thins  out  and  disappears. 
It  does  not  outcrop  at  a  corresponding  elevation  on  the  south  side  of 
Opossum  Creek  and  was  not  identified  elsewhere.  Limestone  outcrops 
in  the  valley  of  Opossum  Creek  on  the  headwater  streams  of  Hickory 
and  California  creeks,  but  it  is  believed  to  belong  to  the  Coffeyville 
formation.  Which  lies  between  the  Drum  and  the  Parsons  and,  though 
in  the  main  a  sandstone  and  shale  formation,  carries  some  lentils  of 
limestone. 

Wilson  formation, — ^The  Wilson  formation  consists  of  the  sand- 
stones and  shales  which  make  up  most  of  the  western  part  of  the  broad 
ridge  between  Verdigris  and  Caney  rivers.  The  crest  of  the  ridge 
is  formed  by  a  bed  of  sandstone  that  appears  as  a  fairly  conspicuous 
escarpment  from  the  Kansas  line  to  the  point  where  it  crosses 
Arkansas  Eiver,  7  or  8  miles  above  Tulsa.  This  outcrop  is  outlined 
on  the  map  (PI.  II)  because  it  is  easily  traced  and  not  because  it 
marks  the  eastern  limit  of  the  formation,  as  do  the  other  boundary 
lines  here  shown.  The  sandstone  which  forms  the  prominent  escarp- 
ment west  of  Mounds  and  stretches  away  to  the  southwest  occupies 
an  analogous  position  above  the  Dawson  coal  and  the  upper  limestone 
of  the  Parsons  and  apparently  belongs  to  the  Wilson  formatioti, 
though  possibly  it  should  be  correlated  with  some  of  the  sandy  mem- 
bers of  the  Coffeyville  formation. 

The  Piqua  limestone  is  the  uppermost  member  of  the  Wilson 
formation.  It  outcrops  at  the  base  of  several  outliers  of  the  Buxton 
formation  on  the  Kansas  line,  due  north  of  Wann,  and  also  3  miles 
northwest  of  that  place.  It  is  reported  to  be  only  1  or  2  feet  in  thick- 
ness at  the  State  line,  but  apparently  thickens  toward  the  south. 
As  pointed  out  elsewhere,  it.  is  believed  to  be  the  limestone  in  use  at 
the  Portland  cement  plant  at  Dewey. 

Buxton  formation, — The  Buxton  is  a  shale  and  sandstone  forma- 
tion which  occurs  in  the  outliers  above  mentioned  and  forms  the 
prominent  sandstone  escarpment  that  closely  parallels  the  meridian 
of  96°  from  the  Kansas  line  southward  to  the  vicinity  of  Ramona 
and  veers  west  of  south  from  that  locality  to  Arkansas  River. 
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STRUCTURE. 

THE  OZARK  UPLIFT. 

The  area  under  consideration  embraces  the  extreme  southwestern 
prolongation  of  the  Ozark  dome.  Along  the  southern  limit  of  the 
area  of  Mississippian  rocks,  as  shown  on  the  map,  the  gentle  south- 
westward  dip  of  the  attenuated  uplift  changes  to  a  more  pronounced 
dip  to  the  southeast  and  south,  and  shows  here  and  there  the  charac- 
teristics of  a  definite  monoclinal  fold.  This  feature  is  strengthened 
toward  the  east,  in  Arkansas,  and,  together  with  parallel  faults 
having  a  southward  downthrow,  serves  to  limit  the  plateau  of  the 
Boston  Mountains  on  the  south,  as  pointed  out  by  Newsom." 

WARPING. 

As  has  been  remarked  in  the  section  on  the  correlation  of  the 
Cherokee  formation,  the  discordance  of  strike  of  the  Winslow,  Sa- 
vanna, and  Boggy  with  the  Fort  Scott  and  overlying  formations 
shows  a  warping  of  the  west  end  of  the  Ozark  uplift  somewhere  in 
the  period  between  the  close  of  the  Winslow  deposition  and  the  early 
part  of  the  Cherokee.  The  southern  portion  was  elevated,  crowding 
the  shore  line  far  to  the  southwest,  while  the  northern  portion  was 
depressed,  allowing  the  sea  to  advance  to  the  east.  The  northeast- 
southwest  orientation  of  the  shore  line  was  well  established  early  in 
Cherokee  time,  and  this  relative  attitude  was  maintained  through 
the  remainder  of  the  Pennsylvanian,  the  various  formations  of  this 
age  outcropping  in  this  region  in  lines  parallel  to  th6  Fort  Scott 
limestone,  with  gentle  northwesterly  dips  ranging  from  30  feet  per 
mile  in  the  northern  portion  of  the  area  to  50  feet  in  the  southern 
portion. 

FOLDING  AND  FAULTING. 

The  folds  and  faults  of  the  area  are  so  closely  related  that  their 
joint  discussion  seems  preferable. 

The  axis  of  that  part  of  the  Ozark  uplift  included  in  Oklahoma 
trends  from  northeast  to  southwest,  and  the  margin  of  the  uplift  is 
serrated  by  an  interesting  system  of  parallel  normal  faults,  which 
Taff  has  described  in  the  Tahlequah  and  Muskogee  folios.  These 
faults  trend  parallel  to  the  axis  of  the  uplift,  and  at  either  end 
usually  develop  into  monoclines  or  asymmetric  anticlines  and  grad- 
ually die  out.  An  inspection  of  the  map  will  show  the  close  relation 
of  the  minor  drainage  to  the  faults.  Northwest  of  Tahlequah  the 
parallelism  of  the  faults  is  not  so  pronounced  and  the  system  is 
somewhat  complicated  by  intersecting  cross  faults.    These  faults  are 
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of  post- Winslow  age,  but  no  relation  to  later  formations  can  be 
established. 

Extending  southward  from  Locust  Grove  is  a  prominent  fault 
with  the  downthrow  to  the  west,  which  brings  the  Chester  down  to 
a  level  100  to  150  feet  lower  than  the  top  of  the  Boone  chert  hills 
immediately  east. 

The  next  prominent  structural  feature  toward  the  north  is  the  Sen- 
eca fault,  which  extends  from  a  point  midway  between  Choteau  and 
Pryor  Creek  to  a  point  several  miles  northeast  of  Spurgeon,  beyond 
the  limits  of  the  area  shown  on  the  accompanying  map,  having  an 
almost  due  northeast  course  parallel  to  the  main  axis  of  the  uplift 
and  roughly  parallel  to  its  northwest  margin.  This  fault  is  double 
and  in  places  multiple,  letting  down  a  long,  narrow  block  of  Boone, 
Chester,  and  overlying  rocks  into  the  Boone  formation.  In  addi- 
tion to  the  downthrown  block,  the  strata  for  some  distance,  in  places 
for  a  mile  or  two  on  either  side,  dip  toward  the  fault.  This  com- 
bination has  had  a  strong  influence  on  the  drainage,  as  may  be  seen 
from  the  map.  From  Seneca  toward  the  northeast  the  fault  closely 
follows  the  valley  of  Lost  Creek.  South  of  Seneca  it  crosses  the 
divide  to  Sycamore  Creek  and  follows  down  that  v£^y  to  Neosho 
River.  From  the  mouth  of  Sycamore  Creek  the  fault  cuts  across  the 
various  meanders  of  Neosho  River  to  a  point  just  above  the  mouth 
of  Spavinaw  Creek.  Southwest  of  this  point  it  traverses  the  flat 
upland  to  and  beyond  Pryor  Creek.  Near  the  Neosho,  where  the 
rocks  on  either  side  are  the  cherty  limestones  of  the  Boone  forma- 
tion, it  is  easy  to  trace  the  down-dropped  strip  of  Chester  consist- 
ing of  limestone  and  sandstone.  Farther  to  the  southwest,  where 
the  Chester  formations  become  the  prevailing  surface  rocks,  the  fault 
is  difficult  to  follow.  In  the  Pennsylvanian  area  it  is  quite  impossi- 
ble to  trace  the  fault,  but  whether  this  is  due  to  its  absence,  to  the 
uniformity  of  the  rocks,  or  to  the  concealment  of  the  faulted  Wins- 
low  by  the  overlapping  Cherokee  was  not  determined.  If  the  last 
explanation  is  correct,  as  is  quite  likely,  the  fault  is  post- Winslow 
and  pre-Cherokee  and  probably  of  the  same  age  as  the  parallel 
faults  of  the  Tahlequah-Muskogee  region  and  as  the  warping  to 
which-  all  the  faults  are  with  little  doubt  genetically  related.  Owing 
to  the  fact  that  the  amount  of  throw  is  variable  within  short  dis- 
tances along  the  fault  and  to  the  further  fact  that  the  fault  line 
coincides  so  closely  with  the  drainage  lines,  the  Chester  formations 
are  preserved  but  here  and  there  along  the  fault. 

The  intersections  of  this  fault  line  with  the  meanders  of  Neosho 
River  afford  many  fine  cross  sections  of  the  faulted  area.  The  width 
of  the  down-dropped  block  ranges  from  less  than  200  feet  to  more 
than  1,500  feet.  The  fault  ranges  in  character  from  a  simple  pair 
of  opposed  breaks  with  the  downthrown  block  between  them.^  and 
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with  the  strata  of  the  wall  rock  on  either  side  dipping  more  or  less 
steeply  toward  the  faulted  block,  to  a  sort  of  faulted  syncline,  the 
limbs  of  which  are  made  up  of  distributive  faults  with  the  cumula- 
tive downthrow  toward  the  axis  of  the  syncline.  The  best  view  of 
the  latter  phase  is  shown  in  the  west  bluff  of  the  Neosho  opposite 
the  mouth  of  Cowskin  River,  where  the  south  limb  dips  from  2°  to 
5°  N.,  the  angle  increasing  toward  the  axis,  and  shows  four  distinct 
dislocations,  one  being  opposed  to  the  other  three,  but  leaving  a  re- 
sultant throw  of  14  feet  to  the  north.  On  the  north  side  there  is  a 
faulted  zone  55  feet  wide  in  which  there  is  an  upthrow  of  18  feet, 
but  this  is  more  than  counterbalanced  by  three  small  faults  and  one 
with  a  throw  of  22  feet  to  the  south,  and  by  the  southerly  dip  of  2° 
some  distance  from  the  fault  and  of  11°  adjacent  to  the  fault. 

The  amount  of  displacement  on  either  side  of  the  block  varies  from 
place  to  place.  In  the  west  bluff  of  Neosho  River  2  miles  below  the 
mouth  of  Horse  Creek  it  is  more  than  90  feet.  At  the  Becker  mines, 
south  of  Seneca,  it  is  from  100  to  140  feet.  Between  Seneca  and 
Spurgeon  it  must  be  as  much  as  100  feet  in  many  places,  for  it  serves 
to  bring  the  Chester  formations  down  to  the  level  of  the  valley,  though 
the  Boone  fcMns  the  top  of  the  hills  on  either  side. 

The  Horse  Creek  anticline  is  an  asymmetric  fold  which  starts  at  a 
point  on  Cabin  Creek,  5  miles  southeast  of  Big  Cabin  station  and 
trends  east-northeastward  by  Cleora  to  the  mouth  of  Cowskin  River, 
where  it  intersects  the  Seneca  fault.  East  of  this  point  it  swings  a 
little  more  eastward  to  the  vicinity  of  Tiff  City,  where  it  trends  nearly 
due  east  for  10  miles  and  farther  east  gradually  dies  out.  The  anti- 
cline has  a  gently  sloping  northern  limb  and  a  steeper  southern  limb. 
To  the  south  of  the  anticline  and  parallel  to  it  is  a  long,  low  synclinal 
trough  beyond  which  the  strata  rise  again  to  the  south,  with  a  gentle 
incline.  The  average  dip  of  the  northern  limb  of  the  anticline  is 
about  2° ;  the  dip  of  the  southern  limb  railges  from  5°  to  18°.  West 
of  Neosho  River  the  fold  expresses  itself  topographically  in  an  abrupt 
faultlike  escarpment  to  the  south  and  a  low  upland  slope  to  the  north. 
East  of  the  Neosho  the  anticline  is  cut  through  on  either  side  by  many 
short,  steep  hollows,  and  forms  the  greatly  dissected  highland  known 
as  the  Seneca  Hills.  In  places,  notably  where  the  fold  is  cut  through 
by  Neosho  River,  the  rocks  lie  nearly  flat,  but  where  it  is  crossed  by 
Buffalo  Creek  and  Horse  Creek  the  dip  is  about  5°  SE.  About  2 
miles  west  of  Horse  Creek  Gap  the  dip  is  18°  SE.  For  the  most  part 
the  dip  of  the  southern  limb  is  concealed  by  debris  washed  down  from 
the  steep  slope,  and  can  be  made  out  only  in  exceptional  places.  It  is 
entirely  possible  that  for  short  distances  along  the  axis  west  of  Horse 
Creek  the  anticline  may  break  down  into  small  faults.  Though  cut 
across  in  several  places  by  streams,  this  fold  is  nowhere  breached 
parallel  to  the  axis^  a  fact  due  doubtless  to  its  monoclinal  nature. 
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The  Owasso  dome  lies  2  miles  west  of  Owasso,  partly  in  sec.  26  and 
partly  in  sec.  35  of  T.  21  N.,  E.  13  E.  One  of  the  upper  beds  of  the 
lower  limestone  of  the  Parsons  formation  swells  up  in  a  perfect  low 
dome,  nearly  circular  in  outline  and  about  three- fourths  of  a  mile  in 
diameter.  The  center  of  the  dome  has  an  elevation  50  feet  higher 
than  the  rim,  and  the  limestone  beds  conform  in  shape  to  the  surface 
of  the  uplift.  It  is  possible,  however,  that  the  quaquaversal  structure 
extends  for  some  distance  beyond  the  limestone  all  about  the  dome, 
but  is  concealed  owing  to  the  lack  of  outcrop. 

UNDERGROUND  SOLUTION. 

The  effects  of  solution,  which  are  so  prominent  in  the  Joplin  mining 
region,**  are  here  limited  chiefly  to  a  small  area  in  the  northeast  corner 
of  the  territory  covered  by  the  accompanying  map,  occurring  alto- 
gether northeast  of  a  line  drawn  through  Miami,  Wyandotte,  and  Tiff 
City.  This  line  is  fairly  parallel  to  the  eastern  margin  of  the  Winslow 
formation,  a  parallelism  which  is  doubtless  due  to  their  common  rela- 
tion to  the  Winslow  shore  line.  After  the  close  of  Winslow  deposition 
each  margin  retreated  from  the  original  shore  line  with  the  progress 
of  erosion,  the  margin  of  the  Winslow  retreiating  seaward  through 
simple  erosion  of  its  outcrop,  and  the  margin  of  the  area  affected  by 
underground  solution  retreating  landward  through  the  effacement  of 
the  shallow  coast  sink  holes  in  the  degradation  of  the  surface.  As  a 
structural  process,  underground  solution  deserves  consideration  here 
chiefly  because  of  its  inseparable  connection  with  the  ore  deposits  of 
the  area  which  it  affects.  In  the  rest  of  the  region  the  contact  of  the 
Pennsylvanian  with  the  Mississippian  is  that  of  a  simple  erosional 
unconformity ;  in  this  area  it  is  a  solution  unconformity  in  which  the 
results  of  erosion  are  complicated  by  the  effects  of  underground  solu- 
tion. Advancing  over  the  sink-hole  topography  of  the  Mississippian 
land,  the  Cherokee  sea  filled  up  the  valleys  and  sink  holes  with  various 
sediments.  After  the  erosion  of  the  Pennsylvanian  the  shales  and 
sandstones  filling  the  depressions  were  left  as  outliers  of  various 
shapes  and  sizes,  forming  the  solution  patches  referred  to  in  the 
description  of  the  ore  deposits. 

BRECCIAS. 

A  basal  breccia  was  formed  where  the  later  shale  formations  were 
deposited  upon  and  in  the  residuum  which  mantled  the  surface'  and 
in  part  filled  the  caverns  of  the  limestone  land  that  was  subject  to 
imdergroimd  solution.  Such  breccias,  also  called  "  mixed  "  or  "  con- 
fused "  ground,  are  the  loci  of  ore  deposition  in  many  places. 

«See  Geologic  Atlas  U.  S.,  Joplin  district  folio  (No.  148),  1907. 
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Locally  a  chert  member  of  the  Boone,  with  thin  interstratified 
limestone  strata,  was  finely  shattered  by  warping  or  other  tension,  the 
more  elastic  limestone  escaping  brecciation.  On  being  recemented 
in  place  this  rock  formed  a  sheet  breccia.  When  the  limestone  was 
replaced  later  by  ore  and  ore-bearing  jasperoid,  it  became  "  sheet 
gromid."  Though  important  in  the  Joplin  district,  sheet  ground  was 
apparently  not  extensively  developed  in  this  area. 

When  the  interbedded  limestone  in  such  a  series  was  dissolved,  but 
not  replaced,  it  allowed  the  chert  to  settle  irregularly,  resulting  in 
strong  brecciation,  in  many  places  completely  obscuring  the  bedding. 
Shale  may  have  been  carried  into  the  openings  or  they  may  have  been 
filled  with  ore  or  jasperoid.  A  horizontal  tabular  body  of  breccia, 
which  differs  in  origin  and  in  form  from  the  sheet  breccias,  was  thus 
developed.  Such  a  formation  may  be  called  a  blanket  breccia.  The 
lead  and  zinc  ore  in  the  Quapaw  district  is  generally  found  in  a  brec- 
cia of  this  kind.  In  the  "  sheet  ground  "  of  the  Joplin  district  the 
characteristic  thing  is  the  occurrence  of  sheets  of  ore  «and  jasperoid 
between  the  ledges  of  chert.  In  the  Quapaw  district,  however,  sheets 
as  much  as  a  few  feet  in  length  are  extremely  rare,  the  ore  being 
generally  disseminated  through  the  breccia.  In  distinction  from  the 
"  sheet  ground "  deposits  in  the  sheet  breccias,  the  Quapaw  ore 
bodies  in  the  blanket  breccias  may  be  called  "  blanket  ground,"  the 
term  "  blanket  vein  "  comprehending  both  classes.  Zonal  breccias, 
after  the  type  described  as  occurring  in  the  Joplin  district,  have  been 
observed  in  the  area  here  considered,  but  are  not  important  struc- 
turally or  economically.  Fault  breccias  were  developed  by  the  fault- 
ing which  has  been  described  as  occurring  around  the  margin  of  the 
uplift,  but  only  in  the  regions. affected  by  underground  solution  has 
siliceous  cementation  rendered  them  prominent  or  ore  deposition  ren- 
dered them  important.  The  breccias  of  this  kind  to  be  considered, 
therefore,  are  limited  to  those  associated  with  the  Seneca  fault. 
Typical  examples  occur  at  the  mines  on  Sycamore  Creek;  at  the 
Becker  mines,  southwest  of  Seneca ;  in  the  south  bluff  of  Lost  Creek 
at  Seneca ;  and  in  general  on  each  side  of  the  Seneca  fault  block  from 
Seneca  northeastward  to  and  beyond  Spurgeon. 

MIlSrERAI.  RESOITRCES. 

LEAD  AND  ZINC  DEPOSITS. 
GENERAL   CONDITIONS. 

The  workable  deposits  of  lead  and  zinc  ores,  so  far  as  at  present 
known,  are  limited  to  the  northeastern  corner  of  the  region  here  dis- 
cussed, the  area  in  which  they  occur  being  entirely  within  the  Wyan- 
dotte quadrangle  and  coincident  with  the  territory  which  was  subject 
to  underground  solution.    They  are  found  mainly  in  the  chert  brec- 
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cias  in  the  Boone  formation,  but  also  to  a  considerable  extent  in  sand- 
stone breccias  in  the  Chester,  particularly  in  the  new  Miami  district. 
More  or  less  limestone  and  shale  are  included  in  the  breccias,  incor- 
porated either  at  the  time  of  their  formation  or  since.  The  ores  are 
galena  ("lead")  and  sphalerite  ("jack")  with  a  relatively  small 
amount  of  smithsonite  and  calamine  (both  known  as  "silicate"). 
The  associated  or  gangue  materials  are  jasperoid,  which  occurs  as  a 
fine-grained  gray  to  black  siliceous  rock  cementing  the  breccia,  pyrite 
("mundic"),  calcite  ("  tiff  "),  and  dolomite  ("^spar"). 

The  districts  where  mining  has  been  carried  on,  or  where  the  indi- 
cations have  encouraged  extensive  prospecting,  arranged  chronologic- 
ally, are  the  Peoria,  Sycamore  Creek,  Quapaw,  and  Miami.  In  the 
following  pages  mines  typifying  the  different  classes  of  ore  bodies 
are  described  somewhat  fully  under  each  of  these  districts,  the  other 
mines  being  mentioned  but  briefly  or  entirely  omitted. 

The  ore  bodies  have  various  forms,  depending  on  the  structural 
features  of  the  associated  rocks.  In  basal,  zonal,  and  fault  breccias 
there  are  "  runs  "  and,  though  rarely  in  this  area,  "  circles."  Sheet 
breccias,  carrying  "  sheet  ground "  deposits,  so  prominent  in  the 
Joplin  district,  have  not  as  yet  been  discovered  in  Oklahoma. 
Blanket  breccias,  with  "  blanket  ground "  deposits,  are  the  main 
source  of  ore,  being  especially  well  displayed  in  the  Quapaw  district. 

PEORIA   DISTRICT. 

General  description. — ^The  mines  at  Peoria  were  opened  in  1891,  on 
land  the  first  lease  of  which  is  held  by  the  Peoria  Mining,  Construc- 
tion and  Land  Company,  a  New  Jersey  corporation.  The  most  pro- 
ductive area  adjoins  the  village  on  the  northwest,  and  underlies  the 
bottom  and  north  bluff  of  Peoria  Creek.  In  tTie  creek  bottom,  over 
an  area  300  feet  long  east  and  west  by  100  feet  wide,  known  as  the 
Playhouse  diggings,  a  solid  sheet  of  galena  was  found  in  chert  at  a 
depth  of  7  to  10  feet.  This  sheet,  narrowing  to  60  feet,  extended 
northward  for  600  feet  under  Monkey  Hill  and  is  reported  to  have 
been  from  6  to  22  inches  thick.  Other  shallow  deposits  of  lead  have 
been  worked  on  the  first  and  second  hills  west  of  Monkey  Hill.  Not 
much  sphalerite  has  been  mined  at  these  places.  A  sheet  of  sphal- 
erite from  4  to  18  inches  in  thickness,  with  a  thin  sheet  of  galena 
just  above  it,  which  yielded  two  carloads  of  ore,  was  struck  about  12 
feet  above  the  level  now  worked  for  silicate. 

Silicate  mine. — The  Silicate  mine  is  operated  by  Gordon  &  Wilkins. 
The  shaft  is  in  the  face  of  the  hill  just  north  of  the  creek,  about  50 
feet  west  of  the  edge  of  the  Playhouse  diggings,  and  some  of  the 
drifts  extend  under  those  old  workings.  The  face  of  ore  ranges  from 
1  to  7  feet  in  height,  averaging  2J  feet.  The  drifts  are  carried  6  to 
8  feet  in  height  and  from  10  to  12  feet  in  width,  and  have  a  total 
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length  of  approximately  1,000  feet,  covering  an  area  less  than  200 
feet  square.  The  ore  occurs  either  in  slabs  or  as  "  fish-egg  silicate," 
in  clay  interbedded  with  red  tallow  clay  and  layers  of  soft,  rotten 
chert,  the  whole  conforming  to  the  limestone  horses  and  bowlders 
which  are  present  here  and  there.  In  one  place  the  walls  of  the  run 
closed  in,  nearly  pinching  out  the  ore,  which  continued  on  through 
the  opening  in  the  solid  limestone.  The  ore  in  the  main  is  plainly 
the  result  of  a  carbonate  replacement  of  the  limestone  country  rock, 
associated  with  more,  or  less  imderground  solution,  the  latter  in  part 
antedating  the  ore  deposition,  giving  rise  to  the  openings  through 
which  the  ore-bearing  solutions  passed,  and  in  part  contemporaneous 
with  the  ore  deposition.  The  ore  is  concentrated  on  hand  jigs,  the 
quantity  of  fine  fish-egg  silicate  associated  with  flat  shapes  requiring 
an  elaborate  scheme  of  concentration.  Women  and  girls  are  employed 
to  hand  pick  the  screenings — ^probably  the  only  instance  of  such  em- 
ployment in  the  Joplin  region. 

Chicago  Syndicate  Mining  Company, — ^In  1907  the  Chicago  Syndi- 
cate Mining  Company  erected  a  mill  over  some  old  workings  half  a 
mile  northwest  of  Peoria.  The  level  worked  at  the  mill  shaft  is  120 
feet  deep,  but  at  another  shaft  on  the  edge  of  a  small,  oblong  solution 
patch  of  shale  and  sandstone  of  Chester  age,  the  mining  was  done  at 
the  160- foot  level.  A  considerable  amount  of  lead  was  taken  from 
this  shale  patch  at  a  depth  of  12  to  22  feet,  the  ore  occurring  near  the 
base  of  the  sandstone  and  shale.  In  the  drifts  now  being  worked  the 
ore  is  sphalerite  disseminated  in  rather  coarse  crystals  through  the 
bluish-gray  jasperoid  cement  of  chert  breccia.  In  places  this  cement 
makes  up  one-third  to  one-half  of  the  mass  of  the  breccia,  the  chert 
bowlders  and  slabs  being  suspended  in  it.  Considerable  spar  is  pres- 
ent here  and  there,  and  where  decomposition  has  progressed  far  there 
is  much  tallow  clay. 

Other  mines, — The  Poor  Boys  Mining  Company  is  operating  a  sili- 
cate mine,  and  several  other  companies  are  prospecting  in  the  imme- 
diate vicinity  of  Peoria. 

Three  miles  due  east  of  Peoria,  on  a  tract  of  land  belonging  to  S.  L. 
Davis  and  adjoining  the  State  line,  in  the  vicinity  of  the  Pinnick 
mines,  there  have  been  some  recent  strikes  of  ore.  The  Grimes  &  Wil- 
liams shaft  is  sunk  near  the  border  of  a  circular  solution  patch,  bor- 
dered by  an  outcrop  of  brecciated  chert  with  a  jasperoid  matrix  show- 
ing impressions  of  sphalerite  crystals  which  have  been  leached  out. 
Within  the  circle  there  are  scattered  sandstone  bowlders  of  Chester 
age.  The  ore  is  sphalerite  and  occurs  at  the  90-foot  level  in  the 
matrix  of  the  chert  breccia.  This  matrix  consists  of  jasperoid  in 
some  places  and  of  dolomite  in  others;  in  still  others  the  ore  itself 
acts  as  the  cement.  In  the  McKisson  shaft,  on  the  same  tract,  a  3-foot 
run  of  lead  was  struck  at  the  60-foot  level  in  yellow  flint  ground. 
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SYCAMORE  CREEK  DISTRICT. 

South  of  Seneca  the  Seneca  fault  cuts  diagonally  across  the  divide 
between  Lost  and  Sycamore  creeks,  striking  the  latter  IJ  miles  west 
of  the  Missouri-Oklahoma  line.  At  this  point  considerable  prospect- 
ing has  been  done  in  and  along  the  fault  block,  though  without  devel- 
oping any  paying  bodies  of  ore.  The  first  prospecting,  which  yielded 
some  silicate,  was  done  by  means  of  a  drift  under  the  south  bluff  of 
Sycamore  Creek  a  few  feet  above  water  level.  Here  the  fault  block 
is  about  180  feet  in  width,  and  the  throw  is  not  sufficient  to  bring 
the  sandstone  of  the  Chester  down  to  the  present  level  of  the  surface. 
The  limestones  of  the  block,  probably  opened  up  more  or  less  by  the 
faulting,  have  been  subjected  to  much  solution,  with  the  result  that 
the  space  between  the  side  faults,  as  exposed  in  the  bluff,  consists  of 
a  great  mass  of  chert  blocks  lying  topsy-turvy,  the  interstices  being 
filled  with  tallow  clay  and  residual  clay.  In  the  ravine  just  south 
of  the  bluff,  near  the  southeast  edge  of  the  block,  is  a  shaft  from  which 
drifts  at  the  75-foot  and  104:-foot  levels  extend  southwestward  for 
about  100  feet  each.  Thin  ore  was  encountered  in  the  lower  drift, 
and  better  ore  in  the  upper  one.  The  ore  consists  of  galena,  sphal- 
erite, and  silicate.  The  silicate  was  too  heavy  to  be  separated  from 
the  sphalerite  on  hand  jigs,  and  the  ore  could  not  be  sold  at  a  profit- 
able price.  Another  shaft,  250  feet  southwest  of  the  deep  shaft,  en- 
countered some  large  chunks  of  galena,  which  had  to  be  broken  up 
before  they  could  be  brought  to  the  surface.  Southwest  of  this  point 
the  displacement  by  the  fault  is  greater,  and  at  a  distance  of  400  feet 
sandstone  and  sandy  shale  of  Chester  age  are  present  to  a  depth  of 
65  feet,  with  some  galena  and  sphalerite  in  crevices  in  the  sandstone 
and  in  the  secondary  limestone  cement  of  associated  chert  breccia. 

MINES    ALONG   THE   SENECA   FAULT. 

The  Sycamore  Creek  mines  mark  the  southwesternmost  known 
occurrence  of  ore  along  the  Seneca  fault.  Northeast  of  this  locality 
the  fault  has  been  prospected  at  short  intervals  to  the  vicinity  of 
Spurgeon,  Mo.  The  Becker  mines  (formerly  the  Potwin  and  Holmes 
mines)  are  just  in  Missouri,  a  mile  south  of  Seneca.  The  ore,  which 
is  galena,  sphalerite,  and  calamine,  occurs  in  the  chert  and  sandstone 
breccias  of  the  southeast  margin  of  the  fault  block  and  in  the  solution 
breccias  of  the  adjacent  Boone  chert  and  limestone.  These  mines 
have  been  recently  reopened,  after  lying  idle  for  fifteen  years.  A 
150-ton  mill  has  been  erected,  several  shafts  have  been  sunk  on  shal- 
low ore,  and  the  original  shafts  have  been  sunk  to  deeper  levels. 

A  mile  northeast  of  Seneca  are  the  old  Huber  mines,  operated  by 
the  Seneca  Lead  and  Zinc  Company.  The  ore  was  found  at  a  depth 
of  70  to  100  feet  in  broken  chert  ground  adjacent  to  the  northwest 
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margin  of  the  Seneca  fault  block.  Breccia  bowlders  in  the  waste  piles 
show  jasperoid  cement  with  impressions  of  sphalerite  crystals. 

The  Gallemore  mines  are  situated  in  the  shallow  saddle  where  the 
faulted  area  crosses  a  flint  ridge  one-half  mile  west  of  Racine. 
Sphalerite  was  struck  in  the  shaft  of  the  Racine  Mining  Company, 
at  a  depth  of  105  feet.  For  the  first  40  feet  the  shaft  penetrated 
Pennsylvanian  shale,  in  which  an  18-inch  bed  of  coal  was  found. 
This  shale  occurs  very  iri'egularly,  not  showing  at  all  in  some  shafts 
near  by,  and  is  evidently  a  solution  patch,  the  fault  brecciation  offer- 
ing most  favorable  conditions  for  solution.  Small  quantities  of 
sphalerite  were  taken  from  several  shafts  near  by  and  considerable 
shallow  lead  was  found  in  yellow  flint  ground  adjacent  to  the  fault 
on  the  northwest. 

The  Buzzard  mines,  on  the  Newman  land,  2  miles  northeast  of 
Racine,  have  been  operated  more  or  less  continuously  since  their  dis- 
covery in  1882.  They  are  adjacent  to  the  fault  block  on  its  southeast 
side.  The  original  discovery  was  of  lead  ground,  1^  to  2  feet  in  thick- 
ness, averaging  50  per  cent  of  galena,  at  a  depth  of  8  to  10  feet,  lying 
upon  a  solid  sheet  of  Short  Creek  oolite  and  overlain  by  yellow  clay 
and  chert  bowlders.  The  oolite  dips  slightly  toward  -the  fault  and  is 
reached  at  a  depth  of  28  feet  in  the  shaft  at  present  worked,  at  the 
foot  of  the  low  ridge  which  marks  the  breccia  zone.  Under  the  foot 
of  this  hill  the  ore  consists  of  lead,  sphalerite,  and  calamine,  and  as  the 
fault  zone  is  approached  dips  steeply  downward  toward  it.  The  ore 
is  associated  with  more  or  less  chert  breccia,  with  dark  jasperoiH 
cement.  The  Shaffer  diggings,  adjoining  the  Buzzard  mines  on  the 
soilthwest,  have  not  been  worked  for  many  years.  The  Hunt  mines 
were  a  quarter  of  a  mile  north  of  the  Buzzard  mines,  on  the  north- 
west side  of  the  fault  block. 

The  Baxter  mines  are  on  the  fault  block  and  along  its  northwest 
margin,  in  the  NW.  i  sec.  1,  T.  25  N.,  R.  33  W.  The  surface  of 
the  block  seems  to  be  entirely  covered  with  the  sandstones  and  shales 
of  the  Chester.  Much  shallow  lead  has  been  taken  out,  at  depths 
^  ranging  from  2  to  80  feet,  in  broken  sandstone  and  clay  ground  rest- 
ing upon,  the  Boone  chert.  Galena  and  sphalerite  are  found  at 
deeper  levels  in  the  residual  and  basal  breccias. 

The  Henderson  mines  join  the  Baxter  diggings  on  the  east  and  lie 
partly  in  the  section  just  north.  The  mines  extend  from  the  north 
margin  of  the  fault  block  completely  across  and  for  some  distance 
beyond  it,  though  most  of  the  ore  was  found  near  the  south  fault  zone. 
It  consisted  entirely  of  galena,  and  came  from  depths  of  15  to  60  feet, 
in  much  the  same  relations  as  the  shallow  lead  on  the  Baxter  land. 

The  fault  block  has  been  prospected  at  short  intervals  all  the  way 

from   the  Henderson  mines  to  a   point  half  a  mile  northeast  of 

Spurgeon.     On  the  west  edge  of  the  Bucklin  land  at  Spurgeon  the 
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sandstone  outcrop  marking  the  limits  of  the  fault  block  is  about  250 
feet  in  width.  Between  this  point  and  the  village  the  sandstone  and 
shale  area  widens  out  until  it  is  1,600  feet  across.  This  widening  is 
due  mostly,  however,  to  solution,  as  the  fault  block  can  be  easily 
traced  across  the  tract  by  a  slight  trough  bounded  on  the  northwest 
by  the  outcropping  chert.  The  ore,  consisting  of  galena  and  sphal- 
erite, occurs  in  breccias — sandstone  breccias  in  the  upper  levels  and 
chert  breccias  in  the  deeper  levels.  Many  of  the  sandstone  frag- 
ments of  Chester  age  in  these  breccias  have  been  changed  into 
quartzite  through  secondary  enlargement  of  the  sand  grains.  The 
surface  of  such  fragments  shows  a  glistening  sheen  which  has  given 
rise  to  the  local  name  "  glass  rock." 

QUAPAW    DISTRICT. 

General  description. — The  Quapaw  mines  extend  from  1  to  4  miles 
east  of  Quapaw  station,  and  from  5  to  7  miles  south  of  Baxter 
Springs.  The  ore-bearing  ground  has  been  proved  by  drilling  to  ex- 
tend for  some  distance  beyond  these  limits  on  all  sides,  notably  to  the 
west,  in  the  vicinity  of  Quapaw  station,  where  a  good  strike  was 
made  in  drilling  the  town  well.  The  main  ore  deposits  occur  at  a 
depth  of  80  to  150  feet  in  blanket-ground  formation,  rarely  in  con- 
fused broken  ground.  Ore  at  shallower  depths  is  limited  chiefly 
to  ^the  region  lying  immediately  south  of  Lincolnville,  the  village 
at  the  Quapaw  mines.  On  the  eastern  edge  of  the  Quapaw  <fiistrict 
the  blanket  ground  rests  upon  the  Short  Creek  oolite  member^T)f  the 
Boone  formation,  which  is  usually  perpetrated  by  the  mine*^§ump. 
Though  doubtless  the  blanket  breccia  forms  an  uninterrupte?i|f'  sheet 
throughout  the  area  of  the  Quapaw  mines,  the  oolite  is  not'found 
in  the  western  mines.  This  is  because  the  bed,  as  noted  in  'its  de- 
scription, thins  out  or  loses  its  oolitic  character  along  a  north-south 
line  which  bisects  the  district.  The  ores  found  in  the  blanket 
ground  are  sphalerite  and  lead  in  about  the  proportion  of  5  to  1. 
In  a  part  of  the  blanket  ground  there  has  been  some  oxidization  in 
the  upper  part  and  a  little  calamine  is  present.  No  ore  is  mined 
below  the  Quapaw  blanket  ground,  although  thfe  drill  has  shown 
ore  at  deeper  levels.  In  the  shallow  ground  the  ore,  which  is  princi- 
pally silicate  and  galena,  occurs  in  runs  and  circles.  In  addi- 
tion to  the  circular  solution  patch  (with  a  probable  circular  ore 
deposit)  on  the  Cherokee  Lead  and  Zinc  Mining  Company's  land, 
described  below,  there  are  several  other  shale  and  sandstone  patches 
of  the  same  shape^  A  circular  shale  patch  at  the  FFF  mine  had 
much  sphalerite  and  pyrite  in  the  lower  part  of  the  shale,  and  ore 
continued  in  broken  ground  down  to  the  main  blanket  ground  at 
90  feet.  There  is  a  large  circular  solution  patch  on  the  Red  Eagle 
tract,  in  the  NE.  i  SE.  i  sec.  31,  T.  29  N.,  R,  24  E,    Tk<^  ^\ssA& 
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area  is  350  feet  in  length  north  and  south  by  300  feet  in  width.  A 
shaft  near  its  southeastern  margin  shows  a  thickness  of  70  feet  of 
shale.  The  shale  area  is  surrounded  by  a  low  rim  of  chert  which 
dips  away  from  the  center  on  all  sides.  Near  its  contact  with  the 
shale  the  chert  is  brecciated  and  recemented  with  jasperoid  from 
which  considerable  sphalerite  has  been  leached.  It  seems  reasonably 
certain  that  the  ore  here,  should  it  occur  in  workable  quantity,  will 
be  found  in  circular  shape. 

There  are  in  the  Quapaw  district  25  steam  concentrating  plants, 
with  a  daily  capacity  of  3,300  tons,  besides  7  mines  operating  hand- 
jig  plants.  In  the  typical  blanket  ground  hand  jigs  can  not  be 
operated  to  much  advantage,  as  the  ore  must  be  crushed  very  fine  to 
free  it  from  the  rock.  Those  in  operation  are  working  with  dirt 
from  the  shallow  ground  or  the  more  oxidized  portions  of  the  blanket 
ground.  In  addition  to  the  mines  with  concentrating  outfits  there 
are  about  30  prospects  which  have  shafts  down  to  the  ore.  The 
owners  of  some  of  these  prospects  have  planned  to  build  mills ;  others 
are  waiting  for  ore  prices  to  become  better. 

Cherokee  Lead  and  Zinc  Mining  Company, — In  a  field  on  the 
Cherokee  Lead,  and  Zinc  Mining  Company's  lease  just  southwest 
of  Lincolnville  several  wagon  loads  of  calamine  were  picked  up, 
having  been  plowed  up  and  cast  aside  in  ignorance  of  its  value. 
Aproximately  50  tons  of  silicate  with  a  little  lead  were  taken 
from  shallow  open  cuts  less  than  15  feet  in  depth,  along  the  south- 
west margin  of  a  circular  solution  patch  at  this  place.  Limestone 
and  sandstone  of  Chester  age  cover  the  surface  except  for  the  circle 
125  to  150  feet  in  diameter.  The  border  of  the  circle  is  marked  by  a 
ring  of  sandstone  bowlders.  Inside  this  ring  shafts  and  borings 
strike  Cherokee  shale  with  a  little  coal.  Between  the  sandstone  ring 
and  the  adjacent  limestone  there  is,  along  the  southwest  margin,  a 
strip  of  chert  breccia  with  a  matrix  of  jasperoid.  This  matrix  has 
been  ore  bearing,  as  shown  by  the  cavities  from  which  sphalerite  has 
been  leached.  The  ore  found  in  the  shallow  diggings  lay  mainly 
between  the  breccia  and  the  limestone,  but  also  extended  in  clay  seams 
into  both  the  limestone  and  the  jasperoid.  In  the  shaft  just  west  of 
the  circle  ore  was  found  at  a  depth  of  35  feet  in  the  clay  and  lime- 
stone bowlder  filling  of  a  solution  chamber  at  the  base  of  the  lime- 
stone of  Chester  age. 

A  sheet  of  lead  ranging  up  to  6  inches  in  thickness  was  struck  at 
a  depth  of  40  feet  in  the  shaft  of  the  Alabama  Mining  Company, 
a  hundred  yards  south  of  the  locality  just  mentioned. 

Good  Luck  mine, — Soft  "  confused  ground  "  occurs  at  the  Good 
Luck  mine,  as  well  as  in  some  other  mines  in  the  northeastern  por- 
tion of  the  Quapaw  district.  In  the  No.  1  shaft  of  the  Good  Luck 
mine  the  soft  ground  joins  the  blanket  ground  along  a  north-south 
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line  and  the  east-west  drift  is  partly  in  each  kind  of  ground.  The 
blanket  ground  exposed  by  the  drift  is  fractured  and  broken,  but  not 
recemented,  and  in  places  the  bedding  is  entirely  obscured.  Clay  and 
shale  occur  in  the  fractures  and  joints  and  between  the  chert  beds. 
The  blanket  ground  was  -evidently  much  softened  by  the  solution 
which  is  responsible  for  the  confused  ground  adjoining.  The  latter 
is  the  typical  soft  ground  of  chert  and  limestone  bowlders  in  soap- 
stone  and  yellow  clay.  Tiff  and  pink  spar  are  present  in  veins  and 
pockets  in  the  unoxidized  ground  and  impressions  of  spar  and  sphal- 
erite occur  in  the  jasperoid  cement  of  the  oxidized  ground.  Weath- 
ered lead  occupies  seams  and  fractures  in  the  jasperoid.  The  No.  2 
shaft  was  sunk  on  a  drill  hole  showing  rich  lead  cuttings  that  were 
found  to  have  come  from  a  solid  chunk  of  galena  a  foot  or  two  in 
thickness,  which  did  not  reach  completely  across  the  shaft.  When 
followed  to  the  south  the  lead  gave  out  within  2^  feet  of  the  shaft, 
but  the  drift  soon  ran  into  good  zinc  ore.  The  ground  here  consists 
of  dull  chert  and  rott«n  limestone  bowlders  in  a  matrix  of  shale, 
clay,  and  tallow  clay.  Some  of  the  bowlders  are  of  secondary  lime- 
stone, highly  crystalline  and  very  rich  in  ruby  sphalerite  in  grains 
of  the  same  size  as  those  of  the  limestone.  In  some  of  these  limestone 
bowlders  the  sphalerite  constitutes  from  15  to  25  per  cent  of  the  mass. 
Mission  mijie. — The  Mission  mine  may  be  chosen  to  exemplify  the 
blanket-ground  mines  because  it  is  typical,  because  its  underground 
workings  are  the  most  extensive,  and  because  it  is  the  best-known 
mine  in  the  district,  having  been  the  "  show  "  mine  from  the  begin- 
ning of  the  camp.  The  mined  area  extends  over  approximately  5 
acres  in  the  NE.  }  sec.  1,  T.  28  N.,  E.  23  E.  The  blanket  ground  is 
about  30  feet  in  thickness,  the  top  of  the  ore  being  reached  at  about 
50  feet  from  the  surface  and  the  limestone  upon  which  it  rests  at 
about  80  feet.  Only  the  upper  18  to  20  feet  of  this  ground  has  been 
worked,  thou^  at  the  time  the  mine  was  visited  a  lower  stope  10  or 
12  feet  in  height  was  being  taken  up  from  the  pump  shaft. 

In  this  mine,  as  generally  in  the  district,  there  is  at  the  top  of  the 

blanket  ground  2  or  3  feet  of  soft  ground,  containing  more  or  less 

■  Uad:  shale  and  yellow  clay.     Locally  solution  has  progressed  so  far 

L  that  slabs  only  of  limestone  and  chert  occur  in  the  shale  and  clay. 

"here  is  as  a  rule  more  or  less  spar  and  tiff  in  veins  and  pockets,  and 

i  and  there  a  little  bitumen.     Much  of  the  shale  is  slickcnsided. 

%iis  zone  is  apparently  not  one  of  general  movement,  but  one  of  ac- 

modation  to  the  sli^t  stresses  resulting  from  undergroimd  solu- 

1  tlie  weight  of  the  superincumbent  strata.     It  seems  likely 

JLopening  at  the  top  of  the  blanket  breccia,  into  which  the 

^shale  have  been  drawn,  was  largely  a  result  of  the  settling 

t  beds  when  the  interbedded  limestone  was  dissolved.     The 

tiie  roof  did  not  settle  into  this  space  would  be  explained. 
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if  the  solution  in  the  blanket  cherts  went  on  by  areas,  portions  re- 
maining to  support  the  roof  until  after  the  portions  first  dissolved 
and  fractured  had  been  recemented  by  jasperoid  and  rendered  capa- 
ble of  sustaining  the  roof.  This  upper,  softer  sheet  is  in  many  places 
richer  in  ore  than  the  harder  ground  below,  but  on  the  other  hand 
it  is  here  and  there  entirely  barren. 

Below  the  soft  ground  the  blanket  breccia  consists  of  greatly 
fractured  "  live  "  blue  flint,  which  in  the  more  unbroken  portions 
shows  small  dark  spots  one-eighth  to  one-fourth  of  an  inch  in 
diameter,  surrounded  by  a  lighter  border.  At  many  points  the 
stratification  of  the  chert  is  completely  obscured  by  the  brecciation, 
but  in  general  it  can  be  made  out  either  from  the  chert  or  from  the 
jasperoid  sheets  between  the  broken  chert  beds. 

The  brecciation  of  the  chert  ledges  is  uneven.  In  places  the  whole 
ledge  is  broken  up;  elsewhere  it  is  broken  into  large  bowlders  with 
finer  brecciation  between  them;  elsewhere  still  the  sheets  are  com- 
paratively unbroken,  with  chert  fragments  suspended  in  the  jasperoid 
interstrata.  In  many  of  the  more  unbroken  portions  of  the  chert 
strata  traces  of  a  former  fine  brecciation  may  be  distinguished.  The 
outlines  of  the  fragments  are  faint,  and  the  cementing  material 
resembles  a  network  of  thin  dark  veins.  These  are  not  ore  bearing 
and  possibly  correspond  to  the  older  sheet  brecciation  in  the  sheet- 
ground  deposits  of  the  Joplin  district.  At  numerous  places  in  the 
mine  the  chert  is  fractured  vertically  or  nearly  so.  Some  of  these 
fractures  come  so  close  together  as  to  constitute  "  sheeting  "  and  to 
conceal  the  bedding  of  the  chert  completely.  They  are  ordinarily  not 
slickensided,  but  are  usually  stained  dark  by  the  circulating  waters. 
In  general  they  are  open,  containing  neither  ore  nor  jasperoid.  They 
are  probably  equivalent  to  the  sheeting  in  the  mines  of  the  sheet 
ground  in  the  Joplin  district,  where  also  the  sheeting  is  later  than 
the  ore  deposition. 

The  ore  in  the  Mission  mine  consists  of  sphalerite  and  lead  in 
the  proportion  of  2  or  3  to  1.  The  latter  is  found  in  fissures  and 
crevices  in  the  chert,  and  the  former  is  disseminated  in  the  jasperoid 
as  well  as  in  the  crevices  and  fissures.  Where  both  the  ores  occur 
in  a  pocket,  the  galena  shows  a  tendency  to  be  crystallized  in  the 
upper  parts  and  the  sphalerite  in  the  lower  parts.  In  the  mine  as 
a  whole  not  much  differentiation  can  be  seen,  more  lead  occurring 
in  the  upper  portion  in  some  places  and  near  the  bottom  in  others. 

MIAMI  DISTRICT. 

The  Miami  mines,  4  miles  due  north  of  the  town,  are  the  youngest 
in  the  State  of  Oklahoma,  ore  having  been  reached  in  the  first  shaft 
in  1907.    The  ore  is  sphalerite  with  some  galena,  and  is  found  at 
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depths  of  90  to  130  feet,  the  variation  being  due  in  the  main  to  the 
westward  dip  of  the  rocks.  The  surface  formation  is  Cherokee  shale, 
below  which  are  sandstone  and  limestone  of  Chester  age,  resting 
upon  the  Boone  chert  and  limestone.  In  certain  areas  the  limestone 
of  the  Chester  group  has  been  carried  away  by  solution,  allowing 
the  sandstone  to  settle  down  upon  the  Boone.  In  this  settling  the 
sandstone  was  more  or  less  fractured  and  broken.  The  ore  was 
first  discovered  in  this  sandstone  breccia,  though  in  some  of  the  recent 
drilling  it  has  been  found  to  continue  on  down  into  the  Boone  chert. 
The  main  one  of  these  old  solution  channels,  as  at  present  devel- 
oped, crosses  the  Miami  road  near  the  southwest  corner  of  sec.  6, 
T.  28  N.,  R.  23  E.,  and  bears  north-northwest.  The  territory  has  not 
yet  been  extensively  drilled,  and  the  available  drill  records  are  too 
few  to  determine  the  courses  of  any  of  the  solution  channels  other 
than  the  one  just  mentioned,  but  it  seems  highly  probable  that  other 
ramifications  of  the  old  underground  drainage  will  be  discovered. 
With  this  end  in  view,  systematic  preservation  of  drill  records, 
whether  they  represent  blank  holes  or  not,  is  very  desirable. 

The  sandstone  in  which  the  ore  occurs  is  strongly  impregnated 
with  a  heavy  crude  oil  or  bitumen.  This  materi&^l  occurs  in  exactly 
the  same  fashion  as  the  ore,  in  crevices  in  the  fractured  rock  and 
between  the  laminae  of  the  sandstone.  There  is  also  in  many  places 
considerable  fine-grained  pyrite.  Neither  calcite  nor  dolomite  has 
been  observed  in  association  with  the  ore,  though  they  will  likely 
be  found  when  mining  has  extended  downward  into  the  Boone.  The 
sphalerite,  where  it  occurs  in  the  openings  between  the  laminae,  is 
very  fine  grained,  though  in  the  fracture  openings  larger  masses 
of  ore  are  found.  The  galena  constitutes  about  one-sixth  of  the 
total  amount  of  ore,  and  is  found  more  often  in  the  crevices  than 
between  the  laminae  of  the  sandstone.  The  intimate  association  of 
the  sandstone  and  ore  requires  close  crushing  to  effect  their  separa- 
tion, and  this  in  turn  necessitates  the  use  of  concentrating  tables  to 
save  the  fine  ore.  The  bitumen  must  have  a  tendency  to  float  off  the 
fine-ore  slimes.  Experience  has  shown  also  that  the  bitumen  collects 
in  the  jigs,  and  in  the  first  cell  of  the  cleaner  jig  it  forms  round  balls 
with  the  ore.  In  a  short  time  these  balls  completely  cover  the  grat- 
ing of  the  cell  to  a  depth  of  1  or  2  inches,  so  that  it  is  necessary  to 
clean  off  the  jig  bed  every  shift.  The  introduction  of  a  jet  of  hot 
water  into  this  cell  simply  delays  the  balling  up  and  clogging  until 
the  next  cell  of  the  jig  is  reached.  A  single  assay  of  the  sphalerite 
concentrate  is  reported  thus:  Zinc,  44  per  cent;  lead,  4  per  cent; 
iron,  7  per  cent.  Against  these  values  penalties  were  assessed  by 
the  ore  buyer,  as  follows :  Moisture,  2  per  cent ;  bitumen,  2  per  cent ; 
iron,  7  per  cent.  A  deduction  of  $1  per  ton  of  ore  is  made  for  each 
1  per  cent  of  these  impurities,  making  a  combined  penalty  in  this 
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case  of  $11  per  ton.  From  this  showing  it  seems  imperative  that 
means  be  adopted  to  remove  the  bitumen  and  effect  a  better  separa- 
tion of  the  iron.  Some  process  of  oil  flotation,  or  of  roasting  and 
magnetic  separation,  would  be  likely  to  accomplish  that  end,  but  to 
roast  the  crushed  ore  before  concentration  would  probably  not  be 
profitable.  Possibly,  if  the  crude  ore  were  crushed  in  hot  water, 
the  bitumen  might  be  freed  and  mechanically  skimmed  or  allowed 
to  float  off  from  the  surface  of  a  settling  tank.  Roasting  and  magnetic 
separation  might  be  employed  after  concentration. 

The  richness  of  the  drill  cuttings  and  of  the  ore  itself,  where  it 
has  been  reached,  has  caused  the  prospecting,  shaft  sinking,  and  mill 
building  to  go  on  unabated.  Development  was  pushed  rapidly  in 
1907.  Eight  shafts  were  sunk  to  ore,  many  others  were  started,  one 
mill  was  completed,  and  two  others  were  begun,  both  of  which  are 
now  finished. 

A  circumstance  which  has  delayed  the  development  of  the  district 
is  that  each  undertaking  requires  the  raising  of  500  to  750  gallons 
of  water  per  minute.  This  of  course  has  been  the  case  in  most  of 
the  new  camps  in  the  Joplin  region.  With  the  lowering  of  the 
underground  water  level  to  the  level  of  mining,  the  amount  of  pump- 
ing ordinarily  becomes  inconsiderable.  In  the  Miami  district,  how- 
ever, the  situation  is  somewhat  exceptional.  The  surface  of  the 
ground  is  low,  not  more  than  25  feet  above  Tar  Creek,  the  drainage 
level  for  the  region,  and  the  water-bearing  ore  stratum  is  capped 
by  the  unbroken  Cherokee  shale.  The  mine  water  is  different  from 
the  surface  water  in  other  camps,  being  highly  charged  with  HgS, 
like  the  deeper  artesian  waters,  and  the  height  to  which  it  rises  may 
represent  artesian  head  rather  than  the  underground  water  table. 
If  this  be  so  there  may  be  no  great  diminution  of  the  amount  of 
water  with  time,  but  on  the  contrary  a  possible  increase  with  the  de- 
velopment of  the  underground  workings. 

As  the  water  pours  into  the  mine,  the  dissolved  HgS  gas  escapes 
and  renders  the  air  so  noxious  that  the  miners  are  unable  to  work  a 
full  shift,  though  there  is  much  individual  variation  in  the  ability 
to  withstand  the  gas.  As  the  gas  is  heavier  than  air,  the  ordinary 
blower  at  the  surface  will  not  force  it  out  of  the  workings,  so  that  an 
exhaust  fan,  with  the  intake  at  the  bottom  of  the  drift,  is  commonly 
employed  in  ventilating  the  mines. 

OIL  AND  GAS. 
DISTRIBUTION. 

The  areas  which  have  yielded  oil  and  gas  are  outlined  on  PI.  II. 
The  most  productive  areas  are  the  AUuwe-Coodys  Bluff,  or  "  shallow 
sand  "  field;  the  Bartlesville,  or  "  deep  sand  "  field;  and  the  Glenn 
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"  pool,"  near  Kiefer.  Between  the  Bartlesville  and  Glenn  fields  and 
in  line  with  them,  there  is  a  series  of  smaller  pools  at  such  close  inter- 
vals as  practically  to  constitute  one  continuous  field  from  Kiefer  to 
the  Kansas  line.  New  but  promising  areas  are  the  Delaware,  Hog- 
shooter,  and  Morris-Baldhill  fields.  Many  other  smaller  outlying 
areas,  generally  gas  bearing,  are  indicated  on  the  map.  Sufficient 
data  are  not  at  hand  to  discuss  the  depth,  character,  and  mutual 
relations  of  the  oil-  and  gas-bearing  sands,  or  the  origin  and  character 
of  the  oil. 

GENERAL  CONSIDERATIONS  OF  STRUCTURE. 

Probably  the  most  striking  fact  in  connection  with  the  distribution 
and  shape  of  the  pools,  as  will  be  noted  from  the  map,  is  their  group- 
ing into  belts  with  north-south  alignment  and  their  individual  pro- 
longation in  that  direction.  This  characteristic  manifests  itself  with 
perfect  independence  of  the  topography  and  likewise  of  thr  -eneral 
structure.  The  general  structure  of  that  portion  of  the  Mid^ontinent 
field  included  in  this  report  is,  as  noted  in  the  preceding  pages,  that 
of  a  gentle  monocline,  dipping  to  the  north  of  west.  The  study  of  a 
complete  series  of  well  records  in  connection  with  detailed  leveling 
might  reveal  important  minor  features,  such  as  low  anticlines  and 
terraces  (flats  or  arrested  anticlines),  but  it  is  difficult  to  see  how 
such  features  could  exist  and  be  influential  in  the  distribution  of  the 
oil  and  gas  without  showing  their  influence  in  the  outcrop  of  the  for- 
mations, unless  they  antedated  the  deposition  of  those  formations.  If 
the  distribution  of  the  oil  and  gas  depends  on  the  existence  of  elon- 
gated lenses  of  sandstone,  it  is  likewise  difficult  to  account  for  the 
diagonal  position  of  these  lenses  with  reference  to  surface  outcrops, 
unless  they  were  deposited  when  the  land  and  sea  relations  were 
decidedly  different  from  those  which  existed  later,  when  the  forma- 
tions now  at  the  surface  were  laid  down.  It  seems  a  fair  assumption, 
then,  that  the  oil  and  gas  reservoirs  had  their  origin  in  conditions, 
which,  whether  orographic  or  geographic,  antedated  the  deposition  of 
the  Cherokee  and  overlying  formations.  In  the  section  on  structure 
it  has  been  shown  that  the  warping,  folding,  and  faulting  which 
affected  the  western  portion  of  the  Ozark  uplift  were  post-Winslow 
and  apparently  pre-Cherokee — that  is  to  say,  they  were  probably  con- 
temporaneous with  the  development  of  the  structure  influencing  the 
distribution  of  the  oil  and  gas.  That  they  were  related  to  that 
development  is  very  probable.  The  orographic  structure  of  the 
west  end  of  the  Ozark  uplift  has  a  very  pronounced  northeast- 
southwest  trend.  It  is  not  easy  to  see  how  a  north-south  structure 
could  be  developed  in  the  adjacent  oil  field  at  the  same  time  and  by 
the  same  forces  which  produced  the  structure  of  the  uplift,  or  even 
independent  of  them.   There  remain  for  consideratiou  tha  ^^^^^Vjcl'^^. 
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relations  of  the  sedimentation  of  pre-Cherokee  time.  In  the  section 
descriptive  of  the  Cherokee  formation  it  has  been  shown  that  there 
is  a  wide  divergence  in  strike  between  the  formations  correlated  with 
the  Cherokee  in  the  south  and  those  preceding  the  Cherokee,  and  it 
has  been  pointed  out  that  the  most  rational  explanation  of  this  dis- 
cordance is  that  the  west  end  of  the  Ozark  uplift  was  warped  so  that 
the  southern  portion  was  elevated,  crowding  the  shore  line  far  to 
the  southwest,  while  the  northern  was  depressed,  allowing  the  sea  to 
spread  farther  to  the  east  and  to  completely  overlap  the  deposits  laid 
down  during  pre-Cherokee  Peimsylvanian  time.  The  continuation 
of  the  Winslow  sandstones  would  naturally  be  sought  in  the  line  of 
strike  of  the  present  outcrop  of  those  rocks.  Allowing  for  the  proba- 
ble curvature  of  the  shore  line  of  the  uplift,  we  should  expect  to  find 
the  buried  extension  somewhere  between  Chelsea,  Nowata,  and  Cof- 
feyville,  Kans.  Similarly,  the  continuation  of  the  Boggy  formation 
would  be  expected  to  lie  parallel  to  the  buried  Winslow,  somewhat 
farther  west,  and  the  Savanna  formation,  if  sedimentation  in  the 
northern  portion  of  the  area  proceeded  as  in  the  southern,  would  be 
sought  to  the  west  of  the  buried  outcrop  of  the  Boggy.  Lenses  of 
sand  with  their  elongation  parallel  to  the  old  shore  line  or  discon- 
nected patches  showing  that  alignment  would  naturally  occur.  Such 
sand  patches,  after  being  overlapped  by  the  Cherokee  shale,  might  be- 
come saturated  with  oil  and  gas  forming  "  pools."  The  linear  group- 
ing of  known  pools  into  belts,  the  discordance  of  such  belts  with  the 
strike  of  outcropping  rocks,  and  the  parallelism  of  these  belts  with  the 
pre-Cherokee  shore  lines  strongly  suggest  that  they  represent  such 
sand  lenses  and  patches  laid  down  along  those  shore  lines.  If  this  be 
the  fact,  it  has  an  important  bearing  on  the  distribution  of  the  oil  and 
gas  sands  in  that  the  pools  may  in  general  be  expected  to  develop 
greatest  length  in  a  north-south  direction,  thus  explaining  a  character- 
istic of  the  known  pools  to  which  attention  has  already  been  called. 
Furthermore,  the  upper  contour  of  the  thickened  lenses  of  sandstone 
determines  the  attitude  of  the  succeeding  deposits,  developing  therein 
a  structure  which  may  likewise  influence  the  distribution  of  oil  and 
and  gas.  For  instance,  the  rapid  thickening  toward  the  west  of  the 
sandstone  lentil  in  the  Labette  shale  in  the  vicinity  of  Coodys  Bluff 
might  locally  counterbalance  the  normal  westerly  dip,  producing  a 
depositional  feature  in  the  overlying  sediments 'akin  to  a  structural 
terrace  or  arrested  anticline.  Sandstones  overlying  an  oil-bearing 
sand  of  pronounced  lens  shape  might  also  be  oil  bearing  over  the 
same  area. 

This  speculation  as  to  the  origin  of  the  pools  could  be  readily 
proved  or  disproved  by  the  construction  of  several  cross  sections  from 
a  sufficient  number  of  drill  records.    The  records  available  at  this 
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writing  are  not  adequate  to  affirm  or  deny  its  truth.  It  is  a  fact  that 
the  Cherokee,  or,  more  precisely,  the  Pennsylvanian  below  the  Fort 
Scott  limestone,  thickens  toward  the  southwest.  At  the  outcrop  of 
the  Cherokee  on  the  Kansas  line  the  formation  is  about  500  feet 
thick ;  at  Centralia,  570  feet ;  at  Nowata,  600  feet ;  at  Chelsea,  600  feet ; 
on  the  Verdigris  River  west  of  Chelsea,  700  feet ;  at  Claremore,  900 
feet;  at  Catoosa,  920  feet;  and  southeast  of  Tulsa,  700  to  850  feet. 
Two  miles  northwest  of  Coffeyville,  Kans.,  the  thickness  of  the  Chero- 
kee is  but  440  feet — less  than  it  is  at  the  outcrop  of  the  formation 
farther  east.  This  fact,  however,  is  not  a  fatal  objection  to  the 
idea  of  a  progressive  overlap,  for  the  landward  edge  of  a  marine  sedi- 
mentary deposit  will  ordinarily  be  thicker  than  the  seaward  edge,  and 
there  may  thus  be  a  continual  transgression  without  greatly  increas- 
ing the  vertical  section  at  the  initial  point.  In  fact,  it  might  easily 
happen,  owing  to  more  favorable  conditions  of  erosion  during  its 
deposition,  that  the  overlapping  bed  would  be  thicker  at  its  outcrop 
than  the  combined  overlying  and  overlapped  beds  at  the  initial  point. 
This  involves  the  same  principle  as  that  according  to  which  a  section 
at  right  angles  to  the  shore  line,  measured  across  the  outcropping 
edges  of  a  series  of  deposits,  sums  up  the  maxima  of  thickness  and 
thus  gives  an  exaggerated  idea  of  the  total  thickness  of  the  series. 

In  corroboration  of  this  suggestion,  and  quite  independent  of  any 
consideration  of  the  land  and  water  relations  of  Oklahoma  during 
early  Pennsylvanian  time,  Haworth  ^  points  out  that  "  the  heavy  gas- 
bearing  sandstones  of  Laharpe  and  lola  "  and  "  the  sandstone  and  coal 
at  the  very  base  of  the  Cherokee  and  Cherryvale  "  imply  shore  condi- 
tions at  those  points  just  as  strongly  as  do  the  sandstone  and  coal 
deposits  at  the  margin  of  the  Pennsylvanian,  farther  east. 

COAL. 

A  number  of  beds  of  coal  occur  in  the  Cherokee  formation  and  to 
the  south  in  the  sandstones  and  shales  that  haVe  beeh  correlated  with 
the  Cherokee.  These  beds  are  for  the  most  part  thin  and  of  no  great 
linear  extent,  so  far  as  may  be  judged  by  the  openings  and  exposures. 
However,  two  or  possibly  three  of  these  beds  have  been  worked  to 
supply  a  market  more  than  purely  local.  These,  with  other  beds 
higher  in  the  geologic  column,  will  be  briefly  described. 

Bluejacket  coal, — ^A  bed  of  coal  ranging  from  12  to  16  inches  in 
thickness  has  been  stripped  in  a  small  way  in  a  number  of  places  east 
and  southeast  of  Bluejacket,  and  is  penetrated  by  wells  in  that  town. 
A  higher  bed  occurring  just  beneath  the  sandstone  cap  of  the  hill, 
3  miles  southwest  of  town,  has  been  considerably  mined-  The  area  of 
the  flat  top  of  the  hill  is  about  2  square  miles,  but  the  coal  has  been 
worked  only  along  the  west  escarpment.    At  the  Williams  &  Esry 

•Univ.  Geol.  Survey  Kansas,  vol.  3,  1898,  p.  30. 
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coal  bank,  in  the  NE.  J  sec.  34,  T.  27  N.,  K.  20  E.,  the  coal  averages  36 
inches  in  thickness  and  is  underlain  by  2  to  6^  inches  of  blue  clay  shale 
which  rests  upon  25  or  30  feet  of  buff  sandstone.  Above  the  coal  is 
an  8  to  10  foot  bed  of  irregularly  bedded  and  curly  sandstone  with 
ironstone  lenses  and  thin  streaks  of  coal.  This  sandstone  ranges  from 
buff  to  red  in  color  and  is  coarse  grained  in  places  and  coarsely 
micaceous. 

The  preceding  description  would  answer  as  well  for  the  other  coal 
banks  on  the  west  bluff  of  the  hill.  The  coal  is  of  good  quality,  and  a 
blocky  variety  with  rusty  joint  planes,  locally  known  as  "  red  coal," 
is  in  especial  demand. 

A  coal  bed  overlain  by  a  similar  coarse-grained  red  sandstone  has 
been  stripped  in  several  places  on  the  ridge  near  the  railroad  2  miles 
north  of  Welch  station.  It  is  very  probably  the  Bluejacket  coal.  The 
sandstone  associated  with  the  coal  does  not  always  form  a  ridge,  a 
fact  which  makes  it  difficult  to  trace. 

In  the  valley  of  Cabin  Creek,  2  miles  west  of  Bluejacket  Hill,  the 
only  coal  reported  is  a  bed  6  inches  thick  which  can  hardly  represent 
the  Bluejacket  coal.  Three  miles  farther  west,  near  the  junction  of 
the  middle  and  west  forks  of  Cabin  Creek,  a  bed  of  coal  18  to  24 
inches  thick  has  been  opened  in  a  number  of  places  and  stripped  to 
a  considerable  amount.  It  is  more  likely  that  this  is  the  continuation 
of  the  Bluejacket  bed. 

About  6  miles  southwest  of  Bluejacket  Hill,  in  sec.  13,  T.  26  N., 
R.  19  E.,  coal  32  to  36  inches  in  thickness  is  reported.  This  is  on  the 
line  of  strike  of  the  Bluejacket  coal  and  is  probably  that  bed. 

Coarse  dark-red  sandstone  forms  a  north-south  escarpment  4  miles 
east  of  Chelsea,  crossing  the  railroad  at  Catale  and  bearing  northeast- 
ward along  the  railroad  for  several  miles.  A  mile  east  of  Catale  two 
shafts  are  sunk  to  a  bed  of  coal  which  ranges  in  thickness  from  32  to 
36  inches.  This  coal  is  about  150  feet  below  the  sandstone,  which  in 
appearance  much  resembles  the  sandstone  over  the  Bluejacket  coal. 
An  outlier  of  similar  sandstone,  with  coal  croppings  reported  beneath 
it,  lies  midway  between  Catale  and  Big  Cabin. 

In  sec.  31,  a  mile  south  of  Chelsea,  and  in  the  SW.  \  sec.  1,  3  miles 
south  of  Chelsea,  there  are  a  number  of  old  pits  where  a  bed  of  coal 
about  16  inches  thick  was  stripped  to  a  considerable  extent.  The 
relation  of  the  coal  to  the  coarse  red  sandstone  was  not  made  out,  but 
they  are  evidently  not  separated  by  a  very  great  vertical  interval. 
It  is  rather  probable  that  the  coal  comes  just  under  the  sandstone,  in 
that  case  corresponding  more  closely  to  the  Bluejacket  coal  than  the 
coal  mined  at  Catale.  The  coarse  red  sandstone  outcrop  was  followed 
southward  to  a  point  about  12  miles  from  Chelsea,  but  no  exposures 
of  coal  were  reported. 
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Coal  near  Boynton, — Coal  from  12  to  16  inches  thick  outcrops  on 
Pecan  Creek  8  miles  east-  of  Boynton.  Another  bed  from  14  to  22 
inches  thick  has  been  opened  in  a  number  of  places  on  the  tributaries 
of  Cloud  Creek  both  south  and  east  of  Boynton.  A  bed  of  similar 
thickness  has  been  stripped  and  mined  considerably  on  Dog  Creek, 
near  Wellington,  1  and  2  miles  northwest  of  Boynton.  On  practically 
all  the  tributaries  of  Cane  Creek  in  the  territory  northwest  of  Boyn- 
ton there  are  coal  outcrops  from  16  to  26  inches  in  thickness.  In  sec. 
19,  T.  14  N.,  R.  15  E.,  at  the  Renty  bank,  the  coal  is  reported  to  be 
4  feet  thick.     Considerable  coal  has  been  taken  out  at  this  opening. 

Fort  Scott  coal. — In  the  Kansas  reports  the  term  Fort  Scott  is  ap- 
plied to  the  bed  of  coal  in  the  Cherokee  formation  a  short  distance 
below  the  Fort  Scott  limestone.  It  is  here  taken  to  include  as  well  the 
coal  which  is  found  interstratified  with  the  latter  formation.  From 
the  vicinity  of  Centralia  northeastward  to  the  Kansas  line,  an  18  to  22 
inch  bed  of  coal  has  been  stripped  at  short  intervals.  On  the  point 
of  the  bluff  east  of  Centralia  the  coal  underlies  a  bed  of  limestone  with 
numerous  Fusulina^  being  separated  from  it  by  5  feet  of  shale.  There 
is  another  bed  of  limestone  a  short  distance  below  the  coal.  This 
lower  limestone  persists  £^bout  halfway  to  the  Kansas  line,  to  a  point 
in  the  vicinity  of  Kinnison,  where  it  disappears.  Beyond  that  point 
the  coal  occurs  below  the  limestone  series,  in  a  position  analogous  to 
that  of  the  Fort  Scott  coal  in  Kansas.  From  Centralia  to  Catoosa, 
as  pointed  out  in  the  section  on  stratigraphy,  there  are  two  beds  of 
coal  associated  with  the  Fort  Scott.  They  range  from  1  to  2  feet  in 
thickness  and  have  been  stripped  in  numerous  places. 

In  surface  wells  in  Catoosa  coal  is  penetrated  beneath  the  upper 
limestone  of  the  Fort  Scott  formation.  Three  miles  southeast  of 
Catoosa,  mainly  in  the  NE.  ^  sec.  33,  T.  20  N.,  R.  15  E.,  there  are 
several  large  strip  pits  connected  with  the  railroad  at  Catoosa  by  a 
tramway.  The  coal,  which  ranges  from  18  to  24  inches  in  thickness, 
is  of  good  quality  and  has  been  extensively  mined.  This  bed  is 
distinct  from  the  coal  mentioned  as  underlying  the  town  of  Catoosa, 
and  occurs  beneath  a  lower  limestone. 

At  Evans,  4  miles  east  of  Broken  Arrow,  there  are  extensive  strip 
pits  reached  by  a  3-mile  spur  from  the  Missouri,  Kansas  and  Texas 
Railway.  The  coal  averages  from  24  to  28  inches  in  thickness,  with 
a  maximum  of  40  inches.  It  is  overlain  by  15  to  18  feet  of  blue 
shale,  which  is  capped  by  a  thin  limestone  weathering  yellow.  A 
3  to  5  foot  bed  of  shelly  reddish  limestone  outcrops  in  the  draw  near 
the  store,  and  is  apparently  several  feet  beneath  the  coal,  with  fire 
clay  in  the  interval. 

Southwest  of  Evans  the  outcrop  of  the  coal  is  traceable  by  scat- 
tered exposures  as  far  as  Arkansas  River.  No  coal  is  known  to 
occur  beneath  the  limestone  at  Wealaka.    It  is  present,  however, 
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in  the  bluffs  of  Concharty  Mountain,  and  near  the  township  comer 
southeast  of  Wealaka,  where  it  has  been  opened,  it  has  a  thickness  of 
18  inches.  From  this  point  to  Baldhill  the  outcrop  was  not  followed. 
Henryetta  coal, — Several  outcrops  of  coal  near  Baldhill,  having 
a  thickness  of  16  to  18  inches,  presumably  represent  the  coal  below 
the  Fort  Scott,  and  they  almost  certainly  are  equivalent  to  the 
Henryetta  coal,  as  their  outcrops  occur  within  a  mile  or  so  of  that 
bed,  at  nearly  the  same  elevation,  in  rocks  practically  flat.  The 
following  notes  are  quoted  from  Taff's  description  of  this  coal  at 
the  type  locality : " 

The  bed  is  3  feet  thick  and  mines  in  block,  separating  into  two  or  three 
benches  along  stratification  lines  of  distinct  cleavage.  In  the  southernmost 
strip  pits  east  of  the  town  a  shale  parting  was  discernible  near  the  middle  of 
the  coal.  Three  and  one-half  miles  southeast  Of  Henryetta  an  outcrop  of  the 
coal  shows  that  the  shale  parting  has  increased  to  10  inches,  separating  the 
bed  into  two  benches,  the  upper  12  to  15  inches,  and  the  lower  15  to  20  inches 
in  thickness.  At  the  mines  2  miles  north  of  Henryetta,  2  miles  southeast  of 
Schulter,  and  east  of  Okmulgee,  the  Henryetta  coal  maintains  its  thickness  of 
3  feet  to  3  feet  4  inches  and  shows  no  appreciable  changes  in  character 
except  the  presence  of  a  thin  shale  in  the  openings  near  Okmulgee.  The 
outcrop  has  been  traced  between  these  localities  and  to  a  point  6  miles  east  of 
Okmulgee. 

Dawson  coal, — ^When  the  upper  limestone  of  the  Parsons  is  traced 
southward  from  Nowata,  it  is  found  to  thin  out  and  disappear  in  the 
vicinity  of  Watova,  but  a  thin  bed  of  coal  makes  its  appearance  100 
feet  or  so  below  the  horizon  of  the  limestone  and  is  traceable  far  to  the 
southwest.  At  Sunday's  coal  bank,  3  miles  northwest  of  Oologah, 
there  was  a  great  deal  of  coal  taken  out  formerly,  though  the  bank 
is  now  practically  abandoned.  The  thickness  is  reported  to  range 
from  26  to  30  inches.  Three  miles  south  of  west  of  Oologah,  near 
the  southwest  corner  of  sec.  30,  T.  23  N.,  R.  15  E.,  there  are  several 
pits  where  considerable  coal  has  been  raised  from  a  bed  30  inches 
thick.  This  bed  outcrops  at  short  intervals  between  that  locality  and 
Collinsville.  Through  this  distance  and  at  CoUinsville  it  is  from  18 
to  20  inches  thick.  In  the  vicinity  of  the  latter  place  it  has  been 
stripped  along  the  valley  of  Middle  Branch  in  a  practically  continu- 
ous line  from  Horsepen  Creek  to  a  point  4  miles  farther  south.  The 
next  exposure  reported  is  3  miles  due  west  of  Owasso,  where  two 
small  strip  pits  on  the  west  side  of  a  small  stream  have  opened  a  coal 
bed  24  inches  thick.  The  next  exposures  are  south  of  the  wide  valley 
of  Bird  Creek.  From  Flat  Rock  Creek  through  Mohawk  to  Dawson, 
a  distance  of  over  3  miles,  the  outcrop  is  very  closely  stripped  and 
several  shafts  from  32  to  64  feet  in  depth  reach  the  coal  at  points 
where  it  is  too  deep  for  stripping.  The  average  thickness  in  this 
region  is  about  26  inches.    At  Scales  the  coal  has  been  and  is  exten- 

«  Taff,  J.  A.,  Bull.  U.  S.  Geol.  Survey  No.  260,  1905,  p.  396. 
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sively  mined  in  strip  pits  and  by  slopes.  The  thickness  here  averages 
32  inches.  The  coal  has  been  somewhat  prospected  in  places  for  2  or 
3  miles  southwest  of  Scales,  beyond  which  it  passes  beneath  the  allu- 
vial deposits  of  the  Arkansas  River  valley. 

The  following  notes  on  the  occurrence  of  this  bed  southwest  of 
T-ulsa  are  quoted  from  Taff:<* 

Outcropping  in  association  with  the  coal  on  the  west  and  occurring  nearly  90 
feet  above  it  is  a  thin  bed  of  light-blue  limestone  which  weathers  to  a  bright 
yellow  color.  The  outcrop  of  this  limestone  has  been  mapped  from  Tulsa  south- 
westward  nearly  50  miles  and  beyond  the  known  occurrence  of  the  coal.  This 
peculiar  limestone  is  easily  recognized  and  its  outcrop  is  a  ready  reference  in 
locating  the  coal.  The  Dawson  coal  is  here  unusually  clean  for  a  bituminous 
coal.  It  mines  in  block,  separating  near  the  middle  along  a  distinct  bedding 
plane,  and  resembles  very  closely  the  Henryetta  coal  in  physical  characteristics. 
A  very  thin  parting  of  bony  coal  occurs  near  the  center,  separating  the  bed 
into  two  benches.  The  shale  gradually  grows  thicker  southward,  reaching 
about  4  inches  near  Mounds.  It  continues  to  increase  southward  beyond 
Mounds  at  the  expense  of  the  coal  until  the  latter  has  decreased  to  8  inches 
northwest  of  Beggs.  South  of  Mounds  the  Dawson  coal  is  not  known  to  be 
of  any  commercial  value.  *  *  *  At  points  6  and  9  miles  south  of  Red 
Fork  the  coal  is  2  feet  6  inches  to  3  feet  4  inches  thick,  and  3  feet  4  inches, 
respectively,  where  strippings  have  been  made.  Two  miles  northeast  of  Mounds 
the  Dawson  coal  is  2  feet  2  inches  to  2  feet  6  inches  thick  and  contains  a 
parting  of  shale  near  the  middle. 

PORTLAND  CEMENT  MATERIALS. 
OCCURRENCE   AND   CHARACTER. 

The  formations  which  make  up  the  Pennsylvanian  column  in  the 
northeastern  part  of  Oklahoma  comprise  an  alternating  series  of 
limestones  and  sandstones  with  intervening  shales,  the  whole  dipping 
gently  to  the  north  of  west.  The  limestones  and  sandstones,  being 
more  resistant  to  the  effects  of  erosion  than  the  shale,  tend  to  form 
long  gentle  westward  dip  slopes,  with  steeper  eastern  slopes  of  shale, 
the  harder  rock  outcropping  along  the  crest  of  the  ridge.  Where 
this  rock  is  limestone  which  has  been  protected  from  weathering 
by  a  thin  covering  of  shale,  the  essential  materials  are  in  the  most 
favorable  position  for  cement-plant  sites.  Where,  in  addition,  ade- 
quate supplies  of  fuel,  especially  natural  gas,  and  good  transporta- 
tion facilities  are  available,  the  climax  of  advantageous  position  has 
been  reached.  It  is  to  just  such  a  fortunate  combination  of  advantages 
that  the  rapid  increase  in  the  number  of  cement  plants  in  the  adjoin- 
ing parts  of  Kansas  is  due.  That  a  like  development  will  overtake 
the  eastern  part  of  Oklahoma  is  not  to  be  doubted. 

In  the  semicircular  area  of  the  outcrop  of  the  Mississippian  rocks 
contiguous  deposits  of  suitable  shale  and  limestone  will  not  often  be 

•Op.  cit.,  pp.  396-397. 
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found,  except  along  the  border  of  the  Pennsylvanian,  where  the  pure 
limestones  of  the  Chester  are  in  association  with  the  shales  of  the 
Pennsylvanian.  Away  from  the  border  the  limestone  of  the  Mis- 
sissippian  is  ordinarily  interstratified  with  too  much  flint  to  be  avail- 
able. Near  the  base  of  the  Mississippian,  however,  overlying  the 
Chattanooga  shale,  there  is  a  bed  of  encrinital,  coarsely  crystalline 
limestone,  the  St.  Joe  member,  which  is  in  general  quite  free  from 
chert.  No  doubt  the  limestone  and  shale  could  be  combined  in  suit- 
able proportion  to  make  Portland  cement.  Owing  to  the  fact  that 
the  limestone  and  shale  are  exposed  only  where  the  body  of  the  Mis- 
sissippian rocks  is  cut  through,  they  usually  outcrop  near  the  valley 
bottoms,  as  a  rule  in  places  unfavorable  for  economical  quarry- 
ing. Furthermore,  the  localities  of  outcrop  in  the  main  have  poor 
transportation  facilities  and  are  rather  distant  from  fuel  supplies. 
It  is  not  likely,  therefore,  that  cement  plants  will  be  located  in  this  area 
under  the  present  conditions;  that  is  to  say,  without  a  betterment 
of  transportation  facilities  and  the  discovery  of  nearer  supplies  of 
fuel. 

Along  the  contact  of  the  Mississippian  and  the  Pennsylvanian 
there  are  many  suitable  locations  for  cement  plants.  The  limestones 
of  the  Chester  are  generally  heavy  bedded,  of  good  quality,  and  from 
20  to  40  feet  in  thickness.  The  basal  formations  of  the  Pennsylva- 
nian— ^the  Cherokee  at  the  north  and  the  Winslow  at  thf  south — con- 
sist largely  of  shale  generally  suitable  for  Portland  cement  manu- 
facture. From  Wagoner  northeastward  the  contact  of  the  two  series 
is  in  general  not  more  than  5  or  6  miles  from  a  railroad,  and  at  many 
points  closely  coincides  with  one.  The  remaining  factor  is  fuel.  Good 
supplies  of  natural  gas  can  be  found  within  20  or  25  miles  of  any 
point  along  the  contact  between  Wagoner  and  Vinita.  Northeast  of 
Vinita  the  distalnce  to  the  gas  fields  is  greater. 

In  the  area  between  the  contact  which  has  just  been  described  and 
the  outcrop  of  the  Fort  Scott  limestone — that  is,  in  the  area  under- 
lain by  the  Cherokee  formation  and  its  southern  equivalents — ^there 
are  few  if  any  beds  of  limestone  of  workable  thickness,  and  conse- 
quently a  lack  of  available  sites  for  cement  manufacture. 

The  map  (PL  II)  shows  that  there  are  in  the  area  lying  west  of 
the  outcrop  of  the  Fort  Scott  limestone  a  series  of  limestones  with 
outcrops  parallel  to  that  of  the  Fort  Scott  and  extending  for  varying 
distances  to  the  southwest.  These  limestones  themselves  consist  in 
places  of  different  members  separated  by  beds  of  shale.  In  addition 
there  are  various  limestone  lenses  whose  outcrops  are  not  shown  on 
the  map. 

The  outcrop  of  the  Fort  Scott  limestone  in  Kansas  is  marked  by 
many  cement  manufactories.  The  formation  is  made  up  of  several 
limestone  and  shale  members^  and  some  of  these  limestone  beds  out- 
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crop  along  the  streams  to  the  west  of  the  line  marked  on  the  map, 
which  shows  only  the  east  edge  of  the  formation.  Below  the  lower 
limestone  member  is  a  bed  of  coal,  which,  as  already  noted,  has  been 
mined  at  short  intervals  throughout  the  length  of  the  outcrop  from 
the  Kansas  line  to  Arkansas  River,  and  which,  if  not  the  exact  equiva- 
lent of  the  Henryetta  coal,  is  not  far  from  it.  The  area  of  outcrop  of 
the  Fort  Scott  formation  coincides  in  part  with  the  AUuwe-Coodys 
Bluff,  Sageeyah,  and  Catoosa  fields,  and  is  not  far  from  the  Morris 
field.  The  formation  is,  therefore,  well  situated  as  to  supplies  of 
natural  gas.  From  Catoosa  northward  to  a  point  a  few  miles  beyond 
Chelsea  the  outcrop  is  but  a  short  distance  from  the  Frisco  Railway. 
North  of  that  point  branch  railways  would  be  necessary  for  the  com- 
mercial manufacture  of  Portland  cement  along  the  outcrop  of  this 
limestone. 

The  Pawnee  limestone,  a  massive  bed  forming  the  escarpment  on 
the  west  bluff  of  Big  Creek  and  Verdigris  River,  reaching  from  the 
Kansas  line  southward  to  and  beyond  Catoosa,  is  well  situated  for 
cement  manufacture  from  the  vicinity  of  Nowata  southward.  North 
of  this  point  the  outcrop  swings  some  distance  to  the  east  of  the  rail- 
way. The  line  of  outcrop  diagonally  crosses  the  Alluwe-Coodys  Bluff 
field  and  passes  near  the  Sageeyah  and  other  fields,  small  as  at  pres- 
ent developed,  which  occur  at  intervals  from  Nowata  to  Broken 
Arrow.  The  new  cement  plant  planned  at  Nowata  is  to  be  located 
upon  this  formation. 

The  upper  and  lower  limestones  of  the  Parsons  formation  where 
they  cross  the  Kansas  line  are  of  suitable  quality  and  thickness  to  be 
used  for  Portland  cement.  To  the  south  the  upper  limestone  becomes 
argillaceous  and  probably  is  not  available  for  such  use  south  of  Dela- 
ware, except  from  Tulsa  toward  the  southwest.  The  lower  limestone 
of  the  Parsons  north  of  Delaware  is  for  the  most  part  too  far  from 
railway  facilities  to  be  of  much  value  from  the  cement  standpoint  at 
present,  but  from  Delaware  southward  to  a  point  near  Arkansas 
River  it  lies  convenient  to  railways  and  to  supplies  of  natural  gas. 

Between  the  upper  limestone  of  the  Parsons  and  the  Wilson  sand- 
stone there  are  a  number  of  lentils  of  limestone  that  outcrop  in  sev- 
eral localities  between  Nowata  and  the  Kansas  line.  They  appar- 
ently represent  the  Dennis  or  Mound  Valley  limestone  lentils  of  the 
Coffeyville  formation.  The  Drum  limestone  of  Kansas  thins  out  and 
disappears  within  half  a  mile  south  of  the  State  line  and  was  not 
seen  again  farther  south.  The  limestone  that  is  to  be  used  at  the 
proposed  Tulsa  cement  plant  outcrops  southward  to  and  far  beyond 
Mounds  and  may  be  correlated  with  one  of  those  lentils,  though  the 
probabilities  seem  to  favor  its  being  the  upper  limestone  of  the 
Parsons. 
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Limestone  outcrops  about  Dewey  and  Bartlesville  and  in  the 
escarpment  which  stretches  southward  along  the  line  between  the 
Cherokee  and  Osage  nations — ^that  is,  the  ninety-sixth  meridian — and 
crosses  Arkansas  River  10  miles  or  so  above  Tulsa.  To  judge  from  its 
position,  this  limestone  represents  the  Piqua  limestone,  which,  thinning 
from  45  feet  in  the  northern  part  of  the  Independence  quadrangle, 
Kansas,  to  2  or  3  feet  at  the  State  line,  probably  thickens  again 
toward  the  south. 

PORTLAND    CEMENT  PLANTS. 

The  Dewey  Portland  Cement  Company  has  recently  completed  a 
plant  at  Dewey  with  a  daily  capacity  of  about  2,500  barrels.  This 
plant  has  five  rotary  kilns,  each  8  feet  in  diameter  and  100  feet  in 
length.  The  machinery  is  driven  by  electricity  throughout,  the 
power  being  furnished  by  gas  engines  using  natural  gas.  The  lime- 
stone used  is  probably  the  Piqua  member,  as  suggested  above,  and 
the  shale  probably  belongs  to  the  Buxton  formation.  There  is  also 
considerable  shaly  material  interbedded  with  the  limestone,  and  when 
necessary  some  residual  clays  are  used  in  addition  to  give  the  right 
constitution  to  the  clay.  On  account  of  the  variations  in  the  quarry, 
no  set  ratio  of  limestone  to  shale  can  be  given.  The  plant  is  situated 
in  an  excellent  gas  field,  where  the  wells  are  noted  for  their  large 
capacity,  some  of  them  yielding  upward  of  50,000,000  cubic  feet  per 
day.  There  is  switch  connection  with  both  the  Santa  Fe  and  the 
Missouri,  Kansas  and  Texas  railways.  Analyses  of  the  limestone  and 
shale  are  given  in  the  table  on  page  222.  The  following  analysis  of 
the  cement  is  given  on  the  authority  of  the  company's  chemist,  P.  R. 
Chamberlin : 

Analysis  of  cement  made  at  Dewey  plant. 

Silica  (SiOa) 23.31    ^ 

Alumina   (AI2O3) 6.  79 

Ferric  oxide  (FeoOa) 2.90 

Lime    (CaO) 63.38 

Magnesia  (MgO) 1.54 

Sulphur  trioxide  (SOs) 1.68 

99.60 

The  Tulsa  Portland  Cement  Company  proposes  to  build  a  plant  4 
miles  west  of  Tulsa,  on  the  south  side  of  Arkansas  River.  The  lime- 
stone bed,  probably  the  upper  limestone  of  the  Parsons,  is  35  feet 
thick  and  overlies  the  shale  at  an  elevation  of  more  than  100  feet  above 
the  bottom  upon  which  the  plant  is  to  be  built,  enabling  the  material 
to  be  handled  by  gravity.  The  capacity  will  be  2,500  barrels  daily, 
with  five  rotary  kilns,  each  8  feet  in  diameter  and  125  feet  in  length. 
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All  machinery  will  be  driven  by  electricity  generated  by  gas  engines. 
Ample  supplies  of  gas  are  available  in  the  vicinity.  The  plant  is 
situated  on  a  connectmg  line  of  the  Frisco  system  and  has  ample  rail- 
road facilities.  Analyses  of  the  limestone  and  shale  are  given  in  the 
table  on  page  222,  and  show  the  proper  ratio  of  limestone  to  shale  to 
be  100  to  24.  The  preliminary  tests  with  this  ratio,  made  by  the  de- 
partment of  experimental  engineering  of  Cornell  University,  gave  a 
cement  of  this  composition : 

Analysis  of  test  cement  made  from  materials  to  "be  used  in  Tulsa  Portland 

Cement  Company's  plant. 

Silica  (SiOs) 21.22 

Alumina  (AI2O3) 11.99 

Lime  (CaO) 62.57 

Magnesia  (MgO) 1.33 

Sulphur  trioxide  (SO,) 1.19 

98.30 

Another  Portland  cement  plant  is  projected  at  the  quarries  of 
the  Tulsa  Limestone  Ballast  Company,  IJ  miles  west  of  the  locality 
just  described. 

The  British- American  Portland  Cement  Company  is  promoting 
a  2,500-barrel  plant  near  Nowata.  The  site  chosen  is  about  3  miles 
east  of  the  town,  in  the  valley  of  Verdigris  River.  The  Pawnee 
limestone  outcrops  in  the  bluff,  a  section  of  which  was  measured 
along  the  road  at  the  south  side  of  sec.  22,  T.  26  N.,  R.  16  E.,  about 
a  mile  north  of  the  proposed  site,  as  follows : 

Section  of  west  Muff  of  Verdigris  River  cast  of  Nowata, 

Feet. 
Sijhelly  blue  limestone,  weathering  yellow,  chert  scattered  over 

surface 2-10 

Bluish  clay  shale 3t) 

Heavy-bedded,  fine-grained  gray  limestone;  no  chert 7 

Black  shale 5 

Blue  fine-grained  limestone;  some  interbedded  shale  in  lower 

part;  no  chert 14 

Black  shale  to  river  bottom 11 

The  lower  two  limestone  beds  belong  to  the  Pawnee  formation.  To 
the  southeast  the  strata  rise  gently,  and  a  massive  sandstone,  30  to  40 
feet  thick,  is  exposed  about  40  feet  below  the  lower  limestone.  It 
is  proposed  to  pipe  natural  gas  from  the  field  14  miles  west  of  this 
site  and  after  the  exhaustion  of  the  gas  to  use  crude  petroleum  from 
the  Alluwe-Coodys  Bluff  field,  within  the  limits  of  which  the  plant 
is  to  be  located.  The  analyses  of  the  limestone  and  shale  are  given 
in  the  table  (p.  222).    These  indicate  a  ratio  of  limestone  to  shale  of 
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100  to  26.     The  test  cement  made  with  this  ratio,  as  analyzed  by 
J.  Robert  Moechel,  has  the  following  composition : 

AnalyHs  of  test  cement  made  from  materials  to  be  used  in  plant  near  Nowata. 

Silica   (SlOi) 23.58 

Alumina   (Alrf),) 8.  CH 


Magnesia   (MgO) 

Sulpliur  trioslde  (BO,)-. 
Alkalies  (Na,0.  K,0)  — 
Ignition 


The  subjoined  table  includes  analyses  of  the  constituent  materials 
of  cements  for  the  plants  described  in  the  foregoing  paragraphs : 

Analnaes  of  Portland  cement  materials. 
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1,0,  7.  Prom  gasrrles  ot  Dewey  Portlaod  Oamant  Oompany.  Dawey.  Analya 
.  of  P.  R.  Chambsrlin. 

2,  3,  8.  9.  From  proposed  eite  o(  Tolaa  Portland  Cement  Oompsoy.  near  Toiei 
department  ot  experimental  engiaaalae  ot  Cornell  Ualverelty.  Itbaca.  N.  Y. 

4,  6,  10,  11.  Prom  proposed  sits  o(  Brftlsh- American  Portland  Cement  Oompaoy 
Analyses  by  J.  Bobert  Moecbel,  EaosaB  Olty.  Mo. 


BUILDING  STONE. 

The  northeastern  portion  of  Oklahoma  is  well  supplied  with  build- 
ing stones — limestone,  sandstone,  and  granite.  The  following  notes 
relate  to  formations  and  sites  suitable  for  quarrying  on  a  commercial 
scale  with  adequate  machinery,  and  comprise  such  as  came  to  the 
notice  of  the  writer  during  his  reconnaissance.  Rock  suitable  for 
supplying  small  local  demands  can  be  found  almost  anywhere  within 
a  mile  or  so  of  the  place  where  it  is  wanted. 

Spavinaw  dike  rock. — In  the  vicinity  of  Spavinaw  the  Ordovician 
rocks  are  intruded  by  a  reddish  granitic  dike,  75  feet  or  more  in 
width,  which  outcrops  in  three  places  in  an  approximately  straight 
line.  If  the  outcrops  are  connected  beneath  the  soil  covering,  the 
total  length  of  the  dike  is  about  1,800  feet.  At  any  rate,  there  is  in 
sight  enough  rock  to  supply  several  quarries  for  a  long  time.  The 
stone  has  a  pleasing  warmth  of  color  and  would  doubtless  make  a 
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durable  building  stone.  It  is  well  situated  for  quarrying  and  needs 
only  railway  facilities  to  become  a  valuable  deposit. 

Boone  limestone, — At  the  base  of  the  Boone  formation,  just  above 
the  Chattanooga  shale,  the  upper  part  of  the  St.  Joe  member  usually 
shows  from  10  to  15  feet  of  solid  gray  crystalline  limestone,  which, 
though  it  has  a  flaggy  appilrance  on  the  outcropping  edge,  is,  as  a 
matter  of  fact,  of  massive  character  and  breaks  off  in  blocks  the  full 
thickness  of  the  ledge.  Where  favorably  situated  for  quarrying  this 
rock  will  be  found  well  adapted  for  all  monumental  or  building  pur- 
poses. It  is  called  the  St.  Joe  marble  in  the  reports  of  the  Geological 
Survey  of  Arkansas. 

About  200  feet  above  the  base  of  the  Boone  formation,  30  or  40 
feet  below  the  Short  Creek  oolite  member,  there  is  usually  a  ledge  of 
massive  limestone  from  12  to  25  feet  or  more  in  thickness.  This  bed 
is  free  from  chert  and  generally  free  from  stylolitic  seams,  so  that 
blocks  of  any  desired  size  can  be  quarried  from  it.  . 

The  Short  Creek  oolite  member  reaches  a  thickness  of  8  to  10  feet 
in  the  vicinity  of  Wyandotte,  Okla.,  and  Seneca,  Mo.,  where  it  has 
been  quarried  to  some  extent.  Where  cemented  firmly  enough  to  be 
durable,  its  massive  character  and  light  color  would  give  it  value  for 
trimmings  and  ornamental  purposes.  A  perfect  oolite,  it  is  texturally 
a  beautiful  stone. 

An  item  to  be  taken  into  account  in  considering  for  quarry  pur- 
poses any  of  these  limestones  of  the  Boone  formation  is  that  they 
generally  outcrop  in  high,  steep  slopes  upon  which  the  cost  of  strip- 
ping in  a  quarry  would  soon  become  prohibitive. 

Chester  group^  limestone  and  sandstone, — ^The  several  limestones 
and  sandstones  of  the  Chester  group  for  the  most  part  outcrop  on  the 
flats  and  hilltops.  At  the  base  of  the  group  there  is  a  series  of 
flaggy,  sandy  limestones,  which,  on  account  of  ease  in  quarrying, 
have  generally  supplied  the  local  demand.  Near  the  top  of  this 
series  lies  a  thin  laminated  calcareous  sandstone  with  oolitic  spherules 
along  the  partings.  This  stone  splits  into  wide,  thin  sheets  suitable 
for  flagging,  and  into  thicker  layers  that  are  good  for  building 
purposes.  The  more  massive  sandstones  and  limestones  of  the  upper 
part  of  the  Chester  have  also  been  quarried  here  and  there. 

Cherokee  and  related  sandstones, — Massive  to  heavy-bedded  sand- 
stones suitable  for  quarrying  occur  at  many  places  in  the  area  oc- 
cupied by  the  outcrops  of  the  Cherokee  formation  and  of  the  related 
formations  to  the  south.  Only  the  more  flaggy  of  these  sandstones 
have  been  opened  up  to  supply  local  demands,  for  the  reason  that 
machinery  is  necessary  to  operate  a  quarry  in  the  massively  bedded 
rocks. 

Four  miles  northwest  of  Vinita,  in  the  NW.  J  sec.  5,  T.  25  N.,  R. 
20  E.,  there  is  a  quarry  working  a  bed  of  massive  fine-grained  buff 
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sandstone.  This  stone  is  largely  used  in  Vinita.  The  same  bed 
outcrops  2  miles  northwest  of  Bluejacket  and  2  miles  southwest  of 
Welch. 

The  ridge  4  miles  west-southwest  of  Pryor  Creek  is  capped  by  a 
4:5-foot  ledge  of  soft  buff  fine-grained  nonmicaceous  even-textured 
sandstone.  The  rock  is  massive  and  bldlks  as  large  as  a  house  break 
off  and  roll  down  the  hill.  To  all  appearances  it  is  well  adapted 
to  quarrying  purposes  and  would  furnish  blocks  as  large  as  could  be 
handled. 

A  very  similar  sandstone  is  exposed  in  the  south  bluff  of  Arkansas 
River  midway  between  Wealal^a  and  Haskell,  outcroping  for  some 
distance  just  above  the  level  of  the  river,  adjacent  to  the  railroad. 
It  forms  a  bench  and  over  considerable  areas  would  require  very 
moderate  stripping.  It  is  more  than  30  feet  thick  and  is  a  soft, 
massive,  fine-grained  sandstone  suitable  for  quarrying  by  machinery. 

Sandstone  lentil  in  the  Labette  shale. — ^A  soft,  massive  buff  sand- 
stone 15  feet  in  thickness  outcrops  in  the  bluff  1  mile  southeast  of 
Coodys  Bluff  post-office.  A  similar  sandstone  30  to  40  feet  thick  is 
exposed  in  the  west  bluff  of  Verdigris  River  2  miles  west  of  the  post- 
office.  In  both  places  it  is  suitable  for  quarrying  purposes.  Farther 
north  this  sandstone  occurs  in  Centralia  Mound,  and  to  the  south  it 
outcrops  in  the  bluff  east  of  Talala  and  Oologah. 

Pawnee  and  overlying  formations. — ^The  Pawnee  limestone  occurs 
massively  in  some  places  and  is  available  for  rough  masonry,  but  as 
a  rule  is  not  suitable  for  general  building  purposes  on  account  of  its 
roughness  and  irregular  texture. 

Various  other  sandstones  and  limestones  lying  higher  in  the  Penn- 
sylvanian  series  have  been  used  locally  in  the  western  part  of  the 
area.  In  the  west  bluff  of  Fourmile  Creek,  a  mile  west  of  Oologah, 
a  heavy  sandstone,  showing  large  blocks  on  the  outcrop,  has  been 
quarried  more  or  less.  It  lies  between  the  Dawson  coal  and  the 
horizon  of  the  upper  limestone  of  the  Parsons.  In  the  vicinity  of 
Seminole  station,  6  miles  north  of  Lenapah,  a  sandstone  belonging  to 
the  Coffeyville  formation  outcrops  in  large  blocks  and  would  be  suit- 
able for  quarry  purposes.  A  mile  southwest  of  Mounds  a  quarry  has 
been  opened  in  the  heavy  buff  sandstone  which  forms  the  long  escarp- 
ment west  of  that  place. 

BRICK  CLAYS  AND  SHALES. 

Surface  clays  for  the  manufacture  of  common  brick  and  shales 
suitable  for  vitrified  brick  can  be  found  in  any  part  of  the  area  occu- 
pied by  the  Pennsylvanian  rocks.  Where  such  deposits  are  within 
a  convenient  distance  of  transportation  lines  and  have  available  a 
plentiful  supply  of  natural-gas  fuel,  they  are  well  situated  for  the 
extensive  manufacture  of  such  brick.  It  stands  to  reason  that  in  a 
new,  rapidly  growing  community  with  little  timber  these  advantages 
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will  lead  to  the  establishment  of  a  thriving  industry,  such  as  char- 
acterizes the  corresponding  part  of  Kansas.  Plants  for  the  manu- 
facture of  vitrified  brick  are  in  operation  at  Bartlesville,  Muskogee, 
Tulsa,  and  elsewhere,  and  numerous  brick  and  tile  plants  are  scat- 
tered over  the  area. 

WATER  RESOURCES. 
GENERAL   CONDITIONS. 

The  area  underlain  by  the  Mississippian  rocks  is  abundantly  sup- 
plied with  water.  Innumerable  fine  bold  springs  gush  from  the  chert 
bluffs  of  the  Boone  formation,  and  all  the  larger  and  many  of  the 
smaller  valleys  contain  perennial  streams  of  clear  pure  water.  Near 
the  mouth  of  Salina  Creek  an  exception  to  the  rule  occurs  in  the  brine 
springs  and  shallow  salt  wells  which  were  the  site  of  a  primitive  salt 
industry  in  pioneer  days. 

In  parts  of  the  area  underlain  by  Pennsylvanian  rocks,  however, 
the  problem  of  obtaining  a  good  water  supply  is  perplexing.  So  much 
of  the  country  is  underlain  by  shale,  which  sheds  the  rainfall  instead 
of  storing  it,  that  in  a  season  of  drouth  the  shallow  wells  and  small 
streams  go  dry.  At  the  same  time  Caney  and  Verdigris  rivers,  to- 
gether with  the  smaller  streams  flowing  through  the  area,  are  apt  to 
have  obnoxious  quantities  of  oil  floating  on  their  surfaces.  Where 
sandstone  or  limestone  can  be  reached,  however,  a  deep  surface  well 
will  ordinarily  furnish  sufficient  water  for  domestic  purposes. 

ARTESIAN    WELLS. 

It  is  not  claimed  that  the  following  notes  describe  all  the  artesian 
wells  in  the  area  covered;  they  relate  only  to  those  which  came  to 
the  notice  of  the  writer. 

In  the  eastern  part  of  the  area  the  flowing  wells,  with  a  few  excep- 
tions, obtain  their  supply  below  the  Chattanooga  shale.  At  Needmore 
two  wells,  each  about  60  feet  in  depth,  flow  a  gallon  per  minute  of 
slightly  sulphureted  water,  which  is  derived  from  the  Boone  forma- 
tion.   These  flows  depend  on  a  slight  local  dip  of  the  rocks. 

At  Miami  there  are  three  flowing  wells — one  at  the  waterworks,  one 
piped  to  the  ice  plant  from  a  point  half  a  mile  east  of  town,  and  the 
third  2  miles  north  of  town.  The  third  well  has  a  small  flow  of  sul- 
phur water  from  a  bed  just  below  the  Chattanooga  shale.  The  well 
used  at  the  ice  plant  is  1,680  feet  in  depth,  and  the  one  at  the  water- 
works 1,000  feet.  Both  draw  their  supply  from  various  horizons 
between  600  and  1,000  feet.  The  water  is  soft,  with  a  very  slight 
sulphur  odor.  The  temperature  is  65^°  F.  The  pressure  at  the  ice- 
plant  well  is  about  12  pounds  and  the  flow  is  more  than  100  gallons 
per  minute  An  analysis  of  the  water  is  given  in  the  table  on  page  227. 
These  two  wells  affect  each  other  decidedly,  though  half  a  mile  apart. 

47076— Bull.  340—08 15 
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Two  miles  east  of  Fairland  there  is  a  well  1,1^2  feet  deep  which 
is  reported  to  have  had  originally  a  head  of  16  feet  and  a  flow  of  30  to 
50  gallons  per  minute.  Through  defective  casing  the  flow  has  been 
reduced  to  about  one-half  gallon  per  minute.  The  water  is  slightly 
sulphureted.  In  a  well  889  feet  deep  in  the  town  of  Fairland  the 
water  rises  within  30  feet  of  the  surface.  The  flow  comes  from  sand- 
stone 400  feet  or  more  below  the  Chattanooga  shale.  The  water  is 
pure  and  sweet,  as  shown  by  the  analysis  given  in  the  table  on 
page  227. 

The  town  well  at  Afton  has  a  flow  of  about  4  gallons  per  minute 
of  strongly  sulphureted  water.  It  comes  from  a  depth  of  650  feet.  A 
very  small  flow  was  obtained  at  600  feet,  about  200  feet  below  the 
Chattanooga  shale.  The  analysis  of  this  water  is  given  in  the  table. 
Two  miles  northwest  of  Afton,  in  the  northwest  corner  of  sec.  29,  T. 
26  N.,  R.  22  E.,  on  J.  L.  Courtney's  place,  there  is  a  well  788  feet  in 
depth  which  at  one  time  had  a  small  flow,  but  in  which  the  water  now 
stands  from  1  to  20  feet  below  the  surface.  The  water  is  similar  to 
that  of  the  Afton  well  and  probably  comes  from  the  same  horizon. 
On  J.  M.  Smith's  place,  in  the  NW.  i  sec.  13,  T.  26  N.,  R.  21  E.,  a 
well  1,020  feet  in  depth  yields  a  fine  flow  of  fairly  strong  sulphur 
water,  which  comes  from  a  sandstone  500  feet  below  the  Chattanooga 
shale.  Water  was  also  struck  at  shallower  depths,  but  did  not  rise 
above  the  surface. 

At  Welch  a  well  1,001  feet  deep  draws  water  from  a  sandstone  in 
the  Crdovician  rocks  about  300  feet  below  the  Chattanooga  shale. 
The  wr.ter  is  sulphureted  and  rises  4  feet  above  the  surface  of  the 
ground. 

At  Bluejacket,  in  a  well  730  feet  in  depth,  a  flow  of  1  gallon  per 
minute  was  struck  at  660  feet  and  one  of  7  gallons  per  minute  at  730 
feet.  The  bottom  of  the  well  is  about  300  feet  below  the  Chattanooga 
shale.    The  water  has  a  fairly  strong  sulphur  taste. 

In  Vinita  and  vicinity  there  are  numerous  artesian  wells.  A  strong 
flow  of  slightly  sulphureted  water  is  struck  just  beneath  the  Chatta- 
nooga shale.  The  analysis  of  a  typical  sample  of  these  waters  is  given 
in  the  table  on  page  227. 

At  Chelsea  a  heavy  flow  of  slightly  salty  and  considerably  sul- 
phureted water  is  struck  at  794  feet  in  a  30-foot  bed  of  sandstone 
lying  just  beneath  the  Chattanooga  shale  and  probably  corresponding 
to  the  Sylamore  sandstone.  The  water  has  an  artesian  pressure  of  35 
pounds  per  square  inch.    It  is  used  in  a  small  bath  house. 

At  Pryor  Creek  a  sulphosaline  water  struck  just  below  the  Chatta- 
nooga shale  is  used  at  the  bath  house  and  sanatorium. 

At  Claremore  the  medicinal  properties  of  the  strongly  saline  sul- 
phur water  obtained  below  the  Chattanooga  shale  are  utilized  in 
several  sanatoriums.    There  are  three  deep  wells  on  adjacent  comers 
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at  the  intersection  of  two  streets  in  the  northeast  part  of  the  town. 
The  deepest  one,  1,500  feet  in  depth,  is  owned  by  the  Claremore 
Radium  Wells  Company,  which  operates  the  adjacent  bath  house. 
The  water  is  reported  to  have  an  artesian  pressure  of  60  pounds  to 
the  square  inch.  The  Radium  Water  Company  has  a  well  1,150  feet 
in  depth,  and  operates  a  bath  house  in  conjunction  with  it.  Analyses 
of  the  water  from  both  these  wells  are  given  in  the  accompanying 
table.  The  water  from  tHe  George  Eaton  Radium  well,  1,115  feet  in 
depth,  is  piped  to  a  sanatorium  and  bath  house  in  the  business  part 
of  town.  All  these  wells  obtain  water  at  about  the  same  horizon, 
from  1,075  to  1,110  feet  in  depth.  In  addition  to  the  local  use,  there 
is  a  considerable  sale  of  the  bottled  water  from  the  wells. 

At  Nowata  the  water  from  a  flowing  well  is  utilized  by  the  Nowata 
Radium  Sanitarium  Company,  which  operates  a  bath  house.  The 
water  comes  from  a  depth  of  1,315  feet,  just  below  a  47-foot  bed  of 
black  shale,  which  is  apparently  the  Chattanooga.  The  water  prob- 
ably comes  from  the  same  horizon  as  many  of  the  other  sulphosaline 
waters  noted  above.  The  analysis  of  the  water  is  given  separately 
below,  for  the  reason  that  the  hypothetical  combination  of  the  con- 
stituents made  by  the  chemist  is  not  comparable  with  the  other 
analyses  without  recalculation. 

In  addition  to  the  wells  described  in  the  foregoing  notes,  there  are 
numerous  wells  drilled  for  oil  and  gas  which  found  flows  of  salt  water 
instead. 

The  subjoined  tables  contain  analyses  of  water  from  several  of  the 
artesian  wells  already  mentioned. 


Analyses  of  artesian  waters  from  northeastern  Oklahoma, 

[Grains  per  United  Stdtes  gallon.] 
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1.  Claremore  Radium  Wells   Company's  well,   Claremore.     Analysis   by  E.   H.   Keiser, 
Washington  University,  St.  Louis,  Mo. 

2.  Brown's  Radium  well,  Claremore.     Analysis  by  E.  II.  Keiser,  Washington  University, 
St.  Louis,  Mo. 

3.  Frisco    Railway    artesian    well,    Vinita.      Analysis    by    Kennicott    Water    Softener 
Company,  Chicago,   111. 

4.  Deep  well,  Afton.      Analysis  by  Kennicott  Water  Softener  Company,   Chicago,    111. 

5.  Deep    well,    Fairland.      Analysis    by    department    of    chemistry,    Oklahoma    Agricul- 
tural and  Mechanical   College,   Stillwater. 

6.  Deep  well  at  ice  plant,  Miami.     Analysis  by  John  F.  Wixford,  St.  Louis,  Mo. 
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Analysis  of  water  from  Nowata  Radium  Sanitarium  Company^s  welly  Nowata, 

[By  J.  Robert  Moechel,  Kansas  City,  Mo.] 

Grains  per 
United  Stfites 
gallon. 

Ferrous  bicarbonate  (Fe(HC08)2) 1.36 

Calcium   bicarbonate    (Ca(HC08)2) 524.28 

Magnesium  bicarbonate    (Mg(HC08)2) 62.29 

Sodium  bicarbonate    (NaaCOs) 1,111.56 

Calcium  chloride    (CaCla) 247.47 

Magnesium  chloride   (MgCla) 182.37 

Sodium  chloride    (NaCl) 1,230.78 

Calcium  sulphate    (CaSO*) ^ 20.86 

Magnesium  sulphate   (MgSO*) 23.27 

Silica  ( SiOa) 2. 47 

Alumina  (AlaOs) 2.78    . 

Ammonium  nitrate  (NH4NOs) 7.41 


SURVEY  PUBLICATIONS  ON  LEAD  AND  ZINC. 


The  following  list  includes  the  more  important  publications  on  lead 
and  zinc  published  by  the  United  States  Geological  Survey.  In  addi- 
tion to  the  publications  cited  below  certain  of  the  geologic  folios, 
especially  the  Joplin  district  folio  (No.  148)  and  the  Lancaster- 
Mineral  Point  folio  (No.  145),  contain  discussions  of  the  lead  and 
zinc  resources  of  the  districts  of  which  they  treat. 

Adams,  G.  I.  Zinc  and  lead  deposits  of  northern  Arkansas.  In  Bulletin  No. 
213,  pp.  187-196.     1903. 
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RARE  METALS. 


SOME  MOLYBDENUM  DEPOSITS  OF  MAINE,  UTAH,  AND 

CALIFORNIA. 


By  Frank  L.  Hess. 


MOIiYBDEI^aJM  DEPOSITS  OF  MAINE. 

INTRODUCTION. 

As  Maine  contains  considerable  areas  of  granitic  rocks,  it  is  not  sur- 
prising to  find  that  molybdenum,  which  is  largely  associated  with 
.granites,,  is  here  rather  widely  distributed.  So  far  as  known,  it  is 
found  in  Maine  only  in  the  form  of  the  sulphide,  molybdenite,  accom- 
panied by  small  amounts  of  its  alteration  product,  molybdic  ocher. 
The  principal  deposits  now  known  are  in  Washington  and  Hancock 
counties,  and  these  have  been  brought  into  more  or  less  prominence 
through  several  companies  which  have  been  formed  to  exploit  them. 

WASHINGTON  COUNTY. 
AMERICAN   MOLYBDENUM   COMPANY'S  PROPERTY. 

Location  and  general  features. — The  American  Molybdenum  Com- 
pany, of  Boston,  for  several  years  worked  upon  a  deposit  in  the  town 
of  Cooper,**  22  miles  southwest  of  Calais,  and  spent  a  considerable 
amount  of  money  upon  buildings,  machinery,  and  excavation.  Gran- 
ite, carrying  molybdenite,  was  quarried  from  an  open  cut,  and  an  ex- 
cavation about  100  feet  square  and  up  to  10  or  12  feet  deep  was  made. 

The  deposit  is  situated  on  the  south  slope  of  a  gentle  hill  500  or  600 
feet  high,  overlooking  the  stretch  of  country  between  Lakes  Cathance 
and  Meddybemps.  The  rocks  of  the  vicinity  have  been  much  scored 
by  glaciers  in  an  approximately  northwest-southeast  direction,  and 

•  The  Cooper  deposits  were  described  by  George  Otis  Smitli  in  "  A  molybdenite  deposit 
in  eastern  Maine,"  Bull.  U.  S.  Geol.  Survey  No.  260,  1905,  pp.  197-199. 
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outcrop  at  many  places  through  the  thin  soil.  The  prevailing  rock 
is  a  comparatively  fine-grained  light-gray  biotite  granite,  which 
weathers  to  a  pinkish  color.  It  is. much  broken  by  three  prominent 
sets  of  joints.  Two  of  these  strike  about  northeast,  one  dipping  45® 
or  less  to  the  northwest,  the  other  from  45°  southeastward  to  vertical. 
The  third  set  is  older  than  the  other  two  and  runs  nearly  north  and 
south  with  an  almost  vertical  dip.  Many  of  the  joints  of  this  third 
set  have  been  filled  with  thin  dikes  of  rather  quartzose  pegmatite  from 
one-half  inch  to  3  inches  thick.  Ordinarily  the  most  quartzose 
phases  occur  where  the  dike  has  narrowed  to  its  smallest  proportions, 
and  at  many  such  places  molybdenite  forms  crusts  in  which  the  flakes 
lie  in  radial  groups  of  considerable  beauty.  Between  the  molybdenite 
and  the  walls  of  the  dike  there  is  a  thin  layer  of  quartz  and  feldspar, 
the  latter  on  the  wall  itself,  but  at  some  places  in  crystals  so  small  as 
to  escape  casual  examination.  In  width  the  molybdenite  flakes  com- 
monly range  between  one-sixteenth  inch  and  an  inch,  but  may  fall 
short  of  or  exceed  these  limits.  It  is  said  that  segregations  occur 
weighing  10  or  12  pounds.  In  wider  parts  of  the  dikes  feldspar  is  a 
conspicuous  constituent,  but  molybdenite  is  more  sparsely  distributed 
and  seems  inclined  to  segregate  in  the  middle  of  the  dike. 

Some  of  the  thinner  dikes  lose  their  identity  in  that  of  the  sur- 
rounding granite  by  structurally  merging  into  it,  but  may  reappear  a 
few  inches  or  a  foot  farther  along.  Others  apparently  stop  abruptly, 
ending  in  vugs  filled  with  crystals  of  quartz,  feldspar,  and  here  and 
there  purple  fluorspar,  reaching  one- fourth  inch  in  thickness.  Simi- 
lar vugs  occur  in  the  body  of  some  of  the  dikes,  but  they  rarely  carry 
much  molybdenite  in  either  place.  A  "  pocket "  containing  a  mass 
of  molybdenite  ranging  from  a  few  flakes  to  several  pounds  may 
occur  in  places  at  what  seems  to  be  a  point  just  beyond  the  end  of 
a  dike. 

The  influence  of  the  dikes  extends  into  the  granite  to  varying  dis- 
tances, in  some  places  for  4  or  5  feet  from  a  dike  less  than  1  inch 
thick.  In  such  places  the  granite  is  miarolitic,  that  is,  full  of  small 
vugs,  which  show  well-crystallized  feldspar,  quartz,  and  occasionally 
purple  fluorspar,  giving  the  rock  a  peculiar  spotted  appearance. 
Apparently  the  original  constituents  have  been  dissolved  by  some 
agency  and  recrystallization  has  taken  place.  A  little  pyrite  and 
chalcopyrite  are  apt  to  occur  in  both  the  vugs  and  the  dikes.  Here 
flakes  of  molybdenite,  mostly  small,  few  reaching  one-fourth  inch  in 
diameter,  and  very  thin,  are  to  be  found  distributed  through  the 
granite.  Although  in  such  places  the  molybdenite  flakes  seem 
sporadic,  close  examination  often  shows  minute  seams  running  from 
one  flak^  to  another  or  to  the  dikes. 

The  joints  that  carry  the  pegmatite  and  the  molybdenite  are  much 
less  plentiful  than  the  others.    No  molybdenite  was  seen  in  the  north- 
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east-southwest  joints.  The  molybdenite  has  been  altered  to  molybdic 
ocher  in  a  few  places,  but  in  very  small  quantity.  This  ocher  has 
usually  been  supposed  to  be  molybdic  oxide,  but  Waldemar  T. 
Schaller  has  recently  shown  that  it  is  iron  molybdate  in  all  speci- 
mens that  he  has  examined.  Besides  the  minerals  already  described, 
a  single  piece  of  native  bismuth  the  size  of  a  hazelnut  was  found  by 
the  writer.  In  Australia  the  occurrence  of  bismuth  with  molybdenite 
is  frequently  noted,  but  it  is  uncommon  in  this  country. 

Extent  of  the  deposits, — A  shaft  said  to  be  50  feet  deep  with  a 
drift  at  the  bottom  200  feet  long,  now  filled  with  water,  is  reported 
to  have  shown  molybdenite  throughout  in  as  large  proportion  as  in 
the  quarry.  A  ditch  225  feet  long  and  4  feet  deep,  running  south- 
ward from  the  quarry,  showed  molybdenite  through  its  whole  length, 
making  a  stretch  of  over  300  feet  north  and  south  in  which  the  gran- 
ite has  been  proved  to  carry  the  mineral.  Less  is  known  about  the 
width  at  this  point,  but  in  the  quarry  it  is  at  least  100  feet. 

Method  of  treatment. — ^The  American  Molybdenum  Company  en- 
deavored to  extract  the  molybdenite  by  screening.  The  plant  con- 
sisted of  a  35-horsepower  boiler  and  engine,  a  Sturtevant  jaw  crusher 
and  roll,  and  four  sets  of  special  rolls,  each  3  feet  in  diameter  and  10 
inches  wide.  The  crusher  was  but  a  couple  of  feet  above  the  floor, 
from  which  the  material,  crushed  to  about  one- fourth  inch  square,  was 
elevated  to  the  Sturtevant  roll,  18  inches  in  diameter  by  4  inches 
wide,  which  reduced  the  ore  to  about  one-eighth  inch.  It  was  then 
elevated  to  a  bin  at  the  top  of  the  building,  from  which  it  fell  to  a 
series  of  two  special  rolls,  thence  was  elevated  to  a  third  special  roll, 
and  run  through  a  34-mesh  screen.  The  molybdenite  caught  on  the 
screen  was  delivered  to  a  box  at  the  end.  The  material  going  through 
the  screen  was  carried  by  an  elevator  and  screw  conveyor  to  a  fourth 
roll,  from  which  it  fell  onto  a  40-mesh  screen  and  from  that  to  a  60- 
mesh  screen.  What  went  through  the  60-mesh  screen  was  elevated 
and  sent  to  the  tailings  pile.  It  is  readily  seen  that  the  repeated  ele- 
vations of  the  material  meant  a  considerable  waste  of  power.  The 
mill  ran  only  six  weeks,  and  is  said  to  have  made  about  a  ton  of  con- 
centrates, a  portion  of  which  seen  by  the  writer  was  very  clean.  In 
the  tailings  some  fine  flakes  of  molybdenite  were  found,  but  the 
amount  seemed  small.  Such  a  process,  if  mechanically  perfected, 
might  work  profitably  on  deposits  where,  as  in  this  one,  the  molyb- 
denite flakes  are  comparatively  broad,  but  would  be  wholly  unsuited 
to  deposits  like  many  of  those  in  Colorado  and  elsewhere,  in  which 
the  individual  flakes  are  of  almost  microscopic  size. 

CALAIS  MOLYBDENUM  MINING   COMPANy's  PROPERTY. 

The  property  of  the  American  Molybdenum  Company  is  adjoined 
on  the  north  by  that  of  the  Calais  Molybdenum  Mining  Company. 
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Less  work  has  been  done  here,  but  the  conditions  of  jointing  and 
deposition  appear  to  be  similar  to  those  on  the  property  just  de- 
scribed, of  which  this  is  an  extension.  Several  test  pits  show  the 
same  form  of  molybdenum-bearing  dikes  and  apparently  the  rock  is 
of  about  the  same  richness.  The  molybdenite  evidently  still  follows 
the  north-south  joints. 

The  width  of  the  molybdenite-bearing  granite  at  this  place  has 
not  been  determined  any  more  definitely  than  on  the  property  to  the 
south.  No  molybdenite  was  seen  in  the  material  thrown  from  a 
prospect  hole  about  1,000  feet  northeast  of  the  test  pits,  although  it 
was  said  that  some  had  been  found.  None  is  known  to  exist  on  the 
north  side  of  the  road  at  this  point,  nor  does  any  appear  on  the  sur- 
face between  the  pits  and  the  road.  It  would  seem,  therefore,  that  the 
impregnated  zpne  is  probably  less  than  1,000  feet  wide,  which  is  about 
the  distance  from  the  road  to  the  prospect  hole  farthest  east.  Further 
prospecting,  however,  may  show  this  estimate  to  be  in  error.  The 
impregnated  area  on  this  property  is  known  to  extend  300  or  400 
feet  northward  from  the  American  Molybdenum  Company's  property, 
and  may  extend  much  farther,  as  molybdenite  is  reported  from  points 
half  a  mile  or  more  to  the  northwest. 

NEIGHBORING   AREAS. 

Less  is  known  of  areas  lying  west  of  those  described,  but  a  few 
prospect  holes  have  shown  some  molybdenite.  Southwest  of  the 
property  of  the  American  Molybdenum  Company  and  south  of 
Cooper  Church,  some  molybdenite  in  small  flakes  and  segregations 
has  been  found  in  a  number  of  prospect  holes.  The  granite  here  also 
is  dotted  with  small  vugs  similar  to  those  on  the  property  of  the 
American  Molybdenum  Company. 

HANCOCK  COUNTY. 
CATHERINES  HILL. 

The  known  deposits  of  molybdenum  in  Hancock  County  lie  along 
the  north  and  west  sides  of  Tunk  Pond,  a  sheet  of  water  about  7 
or  8  miles  long  and  a  mile  or  more  broad.  Its  northeast  end  is  8 
miles  west  of  Cherryfield,  and  its  southwest  end  about  2  miles  north 
of  Tunk  Pond  station.  At  the  north  side  of  the  lake  a  partially 
bare,  glaciated  knob,  500  or  600  feet  high,  known  as  Catherines  Hill, 
has  been  prospected  to  some  extent.  The  hill  shows  several  benches 
with  vertical  faces,  running  northeast  and  southwest,  from  12  to 
18  feet  high,  due  to  the  sheeting  and  jointing  of  the  granite.  The 
granite  is  light  gray  in  color,  of  a  prominently  granular  appear- 
ance, showing  little  or  no  muscovite,  small  amounts  of  biotite, 
and  considerable  variation  in  texture.     In  places  the  quartz  grains, 
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although  only  one-eighth  to  one-fourth  inch  in  diameter,  are  the 
most;  noticeable  of  the  minerals,  while  in  other  places  the  feldspars 
are  more  prominent  and  here  and  there  become  prophyritic,  reaching 
three-fourths  of  an  inch  in  length.  The  dip  of  the  principal  joints 
varies  considerably  each  way  from  the  perpendicular.  The  sheeting, 
which  is  practically  horizontal,  is  also  conspicuous.  Several  crushed 
zones,  2  to  4  feet  wide,  were  noted  running  about  north  and  south. 

Several  companies  have  sunk  prospect  holes  and  done  some  blast- 
ing along  the  face  of  a  small  cliff,  so  that  the  deposits  have  been 
exposed  at  a  number  of  places  extending  over  about  300  feet  east  and 
west,  two-thirds  of  the  way  to  the  top  of  the  hill.  Molybdenite  is 
said  to  be  f oimd  also  at  the  foot  of  the  hill.  It  occurs  in  flakes,  said 
to  reach  several  inches  in  width  but  ordinarily  much  smaller,  and  in 
small  bunches,  generally  less  than  three- fourths  of  an  inch  in  diam- 
eter. It  apparently  accompanies  a  series  of  pegmatite  dikes  which 
dip  in  various  directions  but  for  the  most  part  steeply.  The  larger 
number  of  the  dikes  seen  are  over  1  or  2  inches  thick,  though  in 
places  they  widen  to  form  vugs  up  to  4  or  5  inches  across,  which 
contain  druses  of  quartz  crystals  up  to  3  inches  long  and  2  inches  ^ 
thick.  Some  of  the  vugs  are  almost  filled  with  quartz  and  feldspar 
crystals,  with  smaller  amounts  of  biotite  and  molybdenite,  but  in 
general,  as  in  the  Washington  County  deposits,  the  amount  of  molyb- 
denite in  these  enlarged  portions  of  the  dikes  is  small.  It  is,  how- 
ever, apt  to  be  deposited  at  their  ends  and  in  the  inner  parts  of  the 
dikes,  from  which  places  it  disseminates  into  the  granite,  here  and 
there  probably  to  a  distance  of  3  or  4  feet.  As  at  the  Cooper  deposits, 
near  the  dikes  the  granite  shows  at  many  places  a  different  texture, 
small  crystals  of  feldspar  forming  rosettes,  one-half  inch  across, 
around  a  crystal  of  quartz,  or  around  ^y rite,  as  indicated  by  the  rust- 
lined  cavities.  It  seems  hardly  possible  that  these  rosettes  can  be  due 
to  the  original  structure  of  the  granite,  and  they  are  probably  the 
result  of  a  readjustment  which  may  have  been  caused  by  solutions 
accompanying  th^  pegmatite.  The  molybdenite  does  not  seem  to 
occur  in  this  recrystallized  granite  so  much  as  in  the  less  affected  por- 
tion near  it,  which  contains  molybdenite  flakes,  thin  but  up  to  one- 
half  inch  or  more  wide.  A  peculiarity  of  the  small  pegmatite  dikes 
is  that  bunches  of  quartz,  feldspar,  and  mica  crystals  occur  where 
the  dikes  apparently  end.  The  dikes'  influence,  shown  by  a  coarse- 
ness  of  structure,  can  apparently  be  traced  in  the  surrounding  granite 
for  several  inches.  If  molybdenite  is  present  in  the  vugs  and  enlarge- 
ments of  the  dikes,  it  is  generally  in  small  quantity.  The  dissemina- 
tion in  the  granite  would  seem  to  indicate  that  the  minerals  were 
deposited  from  a  solution,  possibly  a  gaseous  solution,  as  it  does  not 
seem  possible  that  a  liquid  solution  could  have  penetrated  the  dense 
granite  to  the  distances  observed. 
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OTHER  LOCALITIES. 

Halfway  toward  the  southwest  end  of  the  lake,  one-fourth  mile 
west  of  Sand  Cove,  molybdenite  has  been  found  at  several  places  on  a 
flat  formed  of  granite  of  the  same  type  as  that  in  Catherines  Hill. 
But  little  work  has  been  done  on  the  deposits  and  they  can  not  be 
seen  to  advantage.  A  couple  of  blasts  were  put  in  during  the  visit 
of  the  writer,  but  they  showed  nothing  new,  although  some  inolybde- 
nite  was  obtained  at  each  blast.  There  are  two  principal  occurrences, 
one  of  which  is  on  the  south  side  of  a  ravine  cut  in  the  granite  to  a 
depth  of  20  or  30  feet.  The  granite  is  jointed  vertically  along  a  north- 
northwest  course,  which  has  probably  determined  the  position  of  the 
ravine.  Another  series  of  joints  cuts  this  set  at  right  angles.  The 
granite  contains  more  biotite  than  that  of  Catherines  Hill,  and  the 
porphyritic  crystals  of  feldspar  show  a  zonal  growth,  generally  with 
the  outer  zone  lighter  in  color  than  the  inner  ones.  The  granite  is 
here  cut  by  aplite  dikes  up  to  a  foot  or  more  in  width.  Quartzose 
pegtnatite  dikes  cut  both  the  granite  and  the  aplite  and  are  accom- 
panied by  molybdenite  very  much  as  in  the  deposits  already  described. 
One  noticeable  feature  is  that  in  places  the  dikes  become  very  thin, 
some  of  them  less  than  one-sixteenth  inch  thick,  and  have  little 
influence  upon  the  surrounding  granite  or  aplite.  Along  these  dikes 
bunches  of  molybdenite  several  inches  in  diameter  are  found.  No 
dissemination  of  the  molybdenite  could  be  seen  in  the  granite.  A 
quarter  of  a  mile  southwest  of  this  deposit  several  shots  have  been  put 
in  showing  similar  occurrences  of  molybdenite.  Between  these  two 
places  molybdenite  has  been  found  on  the  surface  at  a  number  of 
points.  It  is  also  reported  to  occur  on  the  south  side  and  elsewhere 
around  the  lake,  but  these  localities  were  not  visited. 

CUMBERLAND  COUNTY.o 

Molybdenite  has  been  found  in  the  granite  at  a  number  of  places 
in  the  town  of  Brunswick,  but  the  deposits  are  of  mineralogical 
interest  only.  A  thin  vein  was  exposed  for  some  distance  in  digging 
a  sewer  for  the  town. 

OXFORD   COUNTY. 

Molybdenite  has  been  reported  from  several  places  in  Oxford 
County.  Three  places  were  visited — one  in  the  town  of  Greenwood, 
6  miles  north  of  Norway  village;  another  on  the  Horatio  N.  Flagg 
farm  in  the  town  of  Buckfield,  10  miles  east  of  Paris ;  and  a  third  at 
Crocker  Mountain,  half  a  mile  east  of  Mount  Mica  and  about  4  miles 
east  of  Paris. 

At  each  of  these  places  the  rock  is  a  quartz-biotite  gneiss,  which 
much  resembles  a  crushed  granite,  intruded  by  pegmatite,  also  some- 

•  Communicated  by  Prof.  L.  A.  Lee,  State  geologist,  Brunswick,  Me. 
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what  squeezed.  On  the  Flagg  farm  both  gneiss  and  pegmatite  have 
been  crushed  until  the  pegmatite  shows  merely  as  mashed  lenses  in  the 
gneiss.  The  gneiss  carries  more  or  less  graphite  at  each  of  theae 
placeiff,  reaching  a  maximum  at  Crocker  Mountain.  The  graphite  is 
flaky  and  much  resembles  molybdenite,  but  specimens  collected  .4^^ 
each  place  and  submitted  to  Waldemar  T.  Schaller,  of  the  Geological 
Survey  laboratory,  showed  no  trace  of  molybdenum.  Others  report 
having  specimens  tested  which  showed  its  presence,  and  it  would  seem 
entirely  possible  that  molybdenite  should  occur  in  these  gneisses,  con- 
sidering their  possible  origin  from  a  granite  and  later  intrusion  by 
pegmatites.  Molybdenite  is  occasionally  found  in  the  pegmatite  at 
Mount  Mica. 

ORIGIN  OF  THE   MOLYBDENITE. 

There  can  be  but  little  doubt  that  the  origin  of  the  molybdenite  is 
connected  with  the  pegmatite  dikes,  for  in  the  deposits  described  it 
has  been  seen  nowhere  except  in  connection  with  them.  The  distribu- 
tion of  the  molybdenite  through  the  granite  adjacent  to  the  dikes  and 
the  recrystallization  of  the  granite  seem  to  indicate  very  hot,  possibly 
gaseous,  solutions  or  some  other  form  more  capable  of  penetrating  the 
rocks  than  the  watery  solutions  as  now  understood.  The  granite  is  as 
dense  and  compact  as  most  granites  except  where  it  has  been  altered 
in  the  vicinity  of  the  pegmatite  dikes.  The  molybdenite,  quartz,  and 
feldspar  seem  to  have  been  nearly  contemporaneous,  the  feldspar  prob- 
ably being  first  deposited  and  the  quartz  and  molybdenite  afterwards, 
although  at  times  this  order  may  have  been  reversed. 

RICHNESS  OF  DEPOSITS. 

The  quantity  of  molybdenum  in  the  deposits  is  very  difficult  of  de- 
termination. Hand  specimens  which  show  a  very  high  percentage 
of  molybdenite  may  be  obtained  from  the  dikes,  and  specimens  which 
also  show  molybdenite  may  be  taken  from  certain  portions  of  the 
granite.  At  the  same  time,  with  an  equal  amount  of  eflfort,  a  much 
larger  number  of  specimens  which  will  probably  show  no  molybde- 
nite may  be  obtained  from  the  same  area.  The  average  assay  of  a 
hand-picked  specimen  is  worse  than  useless,  as  it  gives  an  apparent 
value  very  much  above  any  possible  mining  values.  Owing  to  the 
unequal  distribution  of  the  molybdenite  in  the  rock  it  is  very  hard 
to  pick  a  fair  sample  in  any  manner.  After  a  sample  is  obtained,  it 
is  then  very  difficult  to  determine  the  percentage  of  molybdenite  it 
contains,  as  the  processes  for  separating  the  molybdenite  are  often 
questionable  in  their  results.  In  nearly  all  mechanical  processes  loss 
of  molybdenite  is  inevitable  owing  to  the  form  of  the  mineral.  It 
usually  breaks  into  thin  flakes,  even  if  occurring  in  a  mass.     If  a 
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water  flotation  or  an  air-blast  separation  is  attempted  part  of  the 
flakes  are  usually  carried  away  with  the  gangue.  Sieves  lose  a  part 
of  the  finest  material  and  magnetic  separation  appears  to  be  some- 
what uncertain  unless  it  is  adapted  to  the  individual  ore  in  each  case. 
In  a  purely  chemical  separation  the  samples  analyzed  are  almost 
always  very  small — ^but  a  few  grams  at  most — ^and  thus  the  determina- 
tion is  again  incompetent,  for  the  specimen  can  not  be  quartered  down 
with  even  moderate  exactness  owing  to  the  segregation  of  the  mineral 
in  the  rock  and  the  difficulty  of  pulverizing  the  flakes  of  molybdenite. 
It  seems  possible  that  a  better  method  might  be  worked  out  along  the 
line  of  oxidizing  the  molybdenite  by  roasting,  dissolving  in  ammonia, 
and  determining  the  molybdenum  from  the  resulting  solution.  In 
such  a  process  large  amounts  of  material  could  be  used,  but  it  would 
be  an  expensive  operation. 

Should  such  a  method  as  that  just  outlined  be  practicable,  it  would 
give  accurately  the  amount  of  molybdenite  contained  in  a  given  par- 
cel of  rock,  and  might  be  applicable  as  a  means  of  extraction  to  cer- 
tain deposits  where  the  molybdenite  flakes  are  finer  than  those  in  the 
Maine  deposits. 

Owing  to  the  mechanical  difficulties  experienced,  there  is  likely  to 
be  a  great  difference  between  possibility  and  practicability  of  ex- 
traction of  molybdenite,  so  that  the  most  desirable  test  of  a  deposit 
is  one  that  will  show  just  what  extraction  may  be  expected  in  prac- 
tice. For  such  results  an  actual  mill  run,  by  the  method  of  work 
contemplated,  is  probably  the  only  satisfactory  mode  of  testing 
molybdenite  deposits,  unless  they  are  rich  enough  to  be  worked  by 
hand  picking,  in  which  case  pockets  must  be  close  together  and  the 
masses  of  considerable  size. 

AK  OCCURRENCE  OF  MOIiYBDElS^ITE  AT  COROKA,  CATj. 

During  1906  molybdenite  was  discovered  in  a  granite  quarry  oper- 
ated by  John  Fletcher,  about  4^  miles  northeast  of  Corona,  River- 
side County,  Cal.  This  quarry,  which  was  visited  by  the  writer  in 
the  latter  part  of  January,  1907,  is  located  in  an  embayment  in  a 
group  of  granite  hills  reaching  a  height  of  about  1,500  feet  above  sea 
level,  and  rising  about  1,000  feet  above  the  surrounding  plain.  The 
molybdenite  occurs  on  the  west  face  of  one  of  the  hills,  about  50  feet 
above  its  base. 

The  granite  is  cut  by  thin  pegmatite  dikes  one-half  inch  to  2  inches 
wide.  Molybdenite  in  flakes  up  to  one-half  inch  across  accompanies 
the  dikes  in  small  quantity.  In  one  or  two  places  small  flakes  may 
be  found  in  the  granite  for  a  distance  of  2  or  3  inches  from  the  dikes. 
The  only  other  metallic  mineral  found  in  the  dike  is  iron  pyrites  in 
which  an  assay  is  said  to  have  shown  some  copper,  gold,  and  silver. 
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Molybdenite  is  also  found  on  both  surfaceis  of  joints  in  the  granite, 
but  in  such  places  it  does  not  appear  to  penetrate  the  granite  more 
than  one-eighth  of  an  inch.  Along  these  joints  no  alteration  of  the 
granite  beyond  simple  weathering  is  to  be  seen,  nor  have  any  other 
Serais  l^en  deposited  in  the  cracks,  unless  stains  of  iron  oxide  may 
indicate  the  f onn'er  presence  of  iron'pyrite. 

Molybdenite  has  been  shown  over  a  narrow  strip  for  a  distance  of 
60  feet,  but  the  total  amount  is  small  and  the  deposit  gives  no  prom- 
ise of  having  economic  value. 

WULFENITE  AT  AliTA,  UTAH. 

Alta  is  one  of  the  older  mining  camps  of  Utah,  and  for  many 
years  wulfenite  (lead  molybdate)  has  been  known  to  occur  there,  but 
it  has  always  been  sold  for  its  lead  content,  as  aside  from  the  lead  it 
contained  it  has  had  a  merely  mineralogical  interest  until  recent 
years.  Since  the  rarer  metals  have  come  into  more  prominent  use, 
however,  the  minerals  of  these  metals  have  been  sought  for  more 
closely  and  wulfenite  has  acquired  a  new  importance  as  a  source  of 
molybdenum. 

Alta  is  situated  at  the  head  of  Little  Cottonwood  Creek,  16  miles 
east  of  Sandy,  from  which  place  it  may  be  reached  by  stage.  Its 
elevation  is  about  9,000  feet. 

The  Continental-Alta  mine  is  about  a  mile  east  of  Alta  and  300  or 
400  feet  higher.  It  has  been  worked  for  a  number  of  years  as  a  silver- 
lead  mine,  but  has  not  been  a  heavy  producer.  The  country  rock  is  a 
siliceous  limestone,  dipping  15°  to  30°  northeastward  from  a  granite 
mass  which  forms  the  walls  of  the  lower  portion  of  Little  Cotton- 
wood Canyon.  There  is  considerable  faulting,  and  the  main  fault 
along  which  most  of  the  ore  bodies  are  said  to  have  been  found  shows 
in  some  places  30  feet  of  crushed  limestone.  Here  and  there  the 
crushed  fragments  are  rounded,  apparently  from  solution  rather  than 
from  movement,  as  in  such  places  the  limestone  of  which  they  are 
composed  has  taken  a  sugary  appearance  from  recrystallization,  and 
is  much  more  friable  than  that  in  the  less  altered  fragments.  These 
zones  probably  lie  in  the  channels  of  greatest  circulation,  either 
present  or  past. 

A  dike  of  fine-grained,  almost  white  rhyolite  2^  feet  thick  is  cut 
by  the  main  tunnel  300  feet  from  the  mouth.  A  smaller  dike,  2  to  4 
inches  thick,  has  been  intruded  into  a  fault  fissure  close  by.  The 
effect  of  the  dike  on  the  limestone  is.  apparently  confined  to  very  local 
metamorphism.  Most  of  the  ores  mined  have  been  oxidized — argen- 
tiferous lead  carbonates  and  oxides,  carrying  small  amounts  of  cop- 
per and  gold — and  with  these  has  been  mixed  a  small  proportion  of 
wulfenite. 
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The  wulfenite  occurs  in  the  crushed  zones,  especially  where  the 
fragments  are  most  waterworn  and  decayed,  in  delicate  light-yellow 
translucent  scales  standing  on  edge  on  the  fragments  of  limestone. 
In  no  place  were  they  seen  to  penetrate  the  rock.  Some  of  the  crystals 
are  covered  with  clay,  showing  that  the  waters  are  no  longer  deposit- 
ing wulfenite  in  those  places.  The  wulfenite  has  probably  been 
formed  by  the  oxidation  of  galena  carrying  molybdenite.  Some 
powdery  black  oxide  of  manganese  occurs  with  the  wulfenite. 

The  ores  are  transported  4^  miles  down  the  valley  by  an  aerial  tram 
to  a  concentrating  plant,  where  the  company  reports  having  had  little 
trouble  in  concentrating  the  wulfenite  into  a  comparatively  clean 
product.  However,  from  the  quantity  of  ore  in  sight  at' the  time 
of  the  writer's  visit  it  would  seem  impossible  to  make  a  profitable 
production  of  wulfenite. 

The  Continental- Alt  a  property  is  adjoined  on  the  south  by  the  City 
Rocks,  an  old  mine  to  which  is  credited  a  larger  production  of  silver- 
lead  ore.  The  ore  carries  more  copper  than  that  in  the  Continental- 
Alta,  and  much  more  wulfenite.  The  ore  is  all  oxidized  and  follows 
a  fault  running  N.  45°  E.  magnetic,  dipping  steeply  to  the  northwest. 

About  200  feet  from  the  mouth  of  the  main  tunnel  is  an  ore  shoot 
3  to  4  feet  thick  and  25  feet  long,  which  has  been  followed  by  an  up- 
raise for  500  feet.  Here  also  the  wulfenite  occurs  in  the  crushed 
limestone  upon  much  decayed  fragments.  Some  powdery  black 
oxide  of  manganese  occurs  in  the  shoot,  but  copper  minerals  are 
apparently  absent  where  wulfenite  occurs.  Some  massicot  and  platt- 
nerite  (yellow  and  black  lead  oxides)  are  found  in  the  vein.  The 
wulfenite  occurs  in  the  same  fragile,  delicate  yellow  scales  as  in  the 
Continental-Alta,  but  in  larger  quantity.  It  is  peculiarly  beautiful 
in  the  candlelight,  the  hundreds  of  flat  faces  reflecting  the  light  so 
that  each  looks  like  a  tiny  flame.  It  is  almost  impossible  to  transport 
specimens  without  great  injury  owing  to  the  ease  with  which  the 
crystals  are  detached. 

These  ore  bodies  are  sufficiently  rich  to  make  it  seem  feasible  to 
concentrate  the  wulfenite  from  the  other  lead  minerals.  However, 
one  of  the  largest  companies  dealing  in  molybdenum  minerals  has 
refused  to  buy  from  this  camp  on  account  of  the  impurities  the  wul- 
fenite contains.  Though  it  was  said  that  vanadium  was  the  principal 
objectionable  ingredient,  none  was  found  by  the  writer  in  a  qualita- 
tive test  of  one  sample.     No  complete  analysis  is  at  hand. 

Wulfenite, is  said  to  occur  in  small  quantity  in  practically  all  the 
oxidized  ores  of  the  camp,  but  the  City  Rocks  mine  seems  to  contain 
the  greatest  amount.  Molybdenite  is  known  to  occur  in  a  canyon  on 
the  south  side  of  Little  Cottonwood  Canyon,  but  as  the  ground  was 
covered  with  snow  the  locality  was  not  visited.  It  is  reported  in 
small  quantity  from  other  points  in  the  vicinity. 


THE  ARKANSAS  ANTIMOtfY  DEPOSITS. 


Bj  Frank  L.  Hess. 


INTRODUCTION. 


Owing  to  the  high  price  reached  by  metallic  antimony  during  1906, 
interest  was  somewhat  revived  in  the  comparatively  little  known  and 
recently  neglected  Arkansas  deposits  of  the  metal,  all  of  which  lie  in 
the  northern  part  of  Sevier  County,  near  Gilham,  a  village  on  the 


(After   J.   FianclB 


Kansas  City  Southern  Railway,  (See  fig.  12.)  Aside  from  their 
economic  features,  these  deposits  are  of  much  geologic  interest,  as 
they  lie  in  unaltered  sediments  and  show  no  close  connection  with 
igneous  rocks. 
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The  following  papers  treating  of  the  antimony  deposits  and  ores 
of  Sevier  County  have  been  published : 

Williams,   Charles  P.    Note  on  the  occurrence  of  antimony   in  Arkansas: 
Trans.  Am.  Inst.  Min.  Eng.,  vol.  3,  1875,  pp.  150-151. 

Paper  read  in  1874 ;  gives  analyses  of  several  specimens  of  stibnite  from 
Sevier  County,  Ark. 
Santos,  J.  R.    Analysis  of  native  antimony  ocher  from  Sevier  County,  Ark.: 
Chem.  News,  London,  vol.  36,  No.  933,  1877,  p.  167. 

An  analysis  of  a  specimen  of  oxide  of  antimony  giving  a  formula  of 
2Sb204H20.    Possibly  a  mixture  of  cervantite  and  stibiconite. 
DuNNiNGTON,  F.  P.    The  minerals  of  a  deposit  of  antimony  ores  in   Sevier 
County,  Ark. :  Proc.  Am.  Assoc.  Adv.  Sci.,  vol.  26,  187S,  pp.  181-185. 

Read  at  the  Nashville  meeting,  August,  1877.     Describes  the  Antimony 
Bluff  and  Stewart  mines,  and  gives  several  analyses  of  ores.     Had  not 
visited  the  mines. 
Wait,  Charles  E.    The  antimony  deposits  of  Arkansas :    Trans.  Am.  Inst.  Mln, 
Eng.,  vol.  8,  1880,  pp.  42-52. 

Gives  description  of  Bob  Wolf,  Antimony  Bluff,  and  Stewart  mines,  with 
results  of  a  large  number  of  assays  and  analyses.  The  best  paper  on  the 
deposits. 
Com  STOCK,  Theo.  B.  A  preliminary  examination  of  the  geology  of  western- 
central  Arkansas:  Ann.  Rept  Arkansas  Geol.  Survey,  1888,  vol.  1,  pp. 
136-137. 

Gives  general  description  of  the  geology  of  the  Stewart,  Oonboy,  Anti- 
mony Bluff,  Valley,  and  Otto  mines. 
Jenney,   Walter  P.    The  lead  and  zinc  deposits  of  the  Mlssisippi  Valley: 
Trans.  Am.  Inst.  Min.  Eng.,  vol.  22,  1894,  pp.  206-208. 

Gives  a  general  description  of  the  veins  and  ascribes  an  igneous  origin 
for  their  derivation.  His  article  is  general,  but  good. 
Ashley,  George  H.  Geology  of  the  Paleozoic  area  of  Arkansas  south  of  the 
novaculite  region :  Proc.  Am.  Phil.  Soc,  vol.  36,  No.  155,  1897,  pp.  306-308. 
Reprinted  in  Contributions  to  Biology  from  the  Hopkins  Seaside  Laboratory, 
No.  12,  Stanford  Univ.,  1897,  pp.  306-308. 

Briefly  describes  the  antimony  deposits,  and  gives  a  better  idea  of  the 
distribution  of  the  veins  than  the  others. 
Bain,  H.  F.    Preliminary  report  on  the  lead  and  zinc  deposits  of  the  Ozark 
region :     Twentyrsecond  Ann.  Rept.  U.  S.  Geol.  Survey,  p.  2,  1901,  p.  133. 
Describes  the  Bellah  mine  from,  the  standpoint  of  zinc  production. 

In  but  one  of  these  articles  is  there  attempted  an  explanation  of 
the  origin  of  the  veins  or  ores,  there  is  but  little  description  of  the 
ores  as  such,  and  there  is  some  disagreement  as  to  the  facts  observed 
in  regard  to  the  structure  of  the  veins  and  their  relation  to  the 
country  rock.  In  an  endeavor  to  clear  up  some  of  these  items  and  to 
get  some  idea  of  the  amount  of  ore  available,  the  writer  visited  the 
locality  in  November,  1907,  but  owing  to  the  abandonment  of  the 
mines  they  were  mostly  filled  with  water  and  opportunities  for  ex- 
amination were  limited. 

The  history  of  the  mines  is  not  entirely  clear.  According  to  local 
belief,  antimony  was  discovered  in  the  vicinity  shortly  after  the 
civil  war  by  several  hunters  who  set  a  number  of  rocks  together  to 
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inclose  a  fire  on  which  to  roast  venison.  Some  of  these  rocks  were 
noticed  to  be  peculiarly  heavy,  and  when  the  fire  became  hot,  they 
partially  melted  and  gave  off  fumes  which  imparted  a  disagreeable 
taste  to  the  meat.  Portions  of  the  rock  were  taken  to  Little  Rock, 
where  they  were  identified  as  antimony  ore.  Charles  E.  Wait  ®  states 
that  the  discovery  of/ antimony  took  place  in  the  winter  of  1873-74. 
However,  work  was  commenced  about  1873  and  was  carried  on, 
whenever  high  prices  for  antimony  permitted,  for  thirty  years. 

GEOI.OGY. 

STRATIGRAPHY   AND   STRUCTURE. 

The  rocks  of  the  region  are  alternating  thinly  bedded  sandstones 
and  sandy  or  muddy  shales,  of  Pennsylvanian  and  Mississippian  age.* 
They  are  of  a  light-yellowish  or  drab  color  where  exposed,  and  dark 
gray  to  black  where  unweathered.  The  rocks  have  been  thrown 
into  very  regular  parallel  folds  running  a  trifle  north  of  east.  The 
folds  are  so  close  that  in  many  places  the  dip  of  the  rocks  approaches 
perpendicularity,  and  so  regular  that  the  strike  of  the  rocks  is  some- 
times used  to  tell  direction. 

The  topography  of  the  country  is  governed  largely  by  the  rock 
structure,  and  each  fold  makes  its  individual  hill  or  valley,  modified 
by  the  erosion  of  the  streams.  The  country  is  rough  but  the  relief 
is  not  great,  and  the  hills  probably  nowhere  reach  a  height  of  over 
200  feet  above  the  valleys.  The  main  streams  flow  southward  across 
the  structural  features,  but  the  tributaries  in  general  flow  along 
the  syncMnes  until  a  weak  point  in  the  rocks  allows  them  to  cut 
through. 

In  the  process  of  folding  the  shales  have  been  compelled  to  slip 
upon  the  stiffer  sandstone  beds,  and  this  has  produced  some  slicken- 
siding  and  crushing.  The  folding  is  supposed  to  be  of  the  same  age 
as  that  of  the  Appalachians,^  probably  post-Carboniferous. 

In  many  places  the  sandstones  and  shales  contain  veins  of  quartz 
ranging  in  thickness  from  a  small  fraction  of  an  inch  to  several  feet. 
The  main  veins,  wherever  seen,  apparently  follow  the  trend  of  the 
structure,  though  locally  the  thinner  ones  form  a  stockwork  in  the 
fractures  of  the  rocks.  No  continuous  joints  or  faults  were  seen 
cutting  the  rocks  across  the  strike,  and  none  have  been  reported  by 
others,  so  that  veins  are  to  be  expected  only  along  structure  lines 
and  such  cracks  or  joints  as  would  naturally  be  formed  by  the  fold- 
ing of  the  rocks  in  one  direction. 

•  Op.  cit.,  p.  42. 

*  Ashley,  George  H.,  op.  cit.,  pp.  245-246. 

<>  Griswold,  L.  S.,  Whetstones  and  novaculites  of  Arkansas :  Ann.  Bept.  Arkansas  Geol. 
Survey  for  1800,  1801,  p.  213. 
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IGNEOUS  ROCKS. 

The  nearest  known  exposed  igneous  rock  is  the  peridotite  of  Pike 
County,  which  has  recently  attracted  much  attention  as  furnishing 
a  possible  source  of  diamonds.  This  rock  is  located  in  sees.  21  and  28, 
T.  8  S.,  R.  25  W.,  between  35  and  40  miles  somewhat  south  of  east 
from  Gilham,  which  is  in  sec.  10,  T.  7  S.,  R.  31  W.,  and  25  miles  from 
the  Busby  mine,  the  nearest  point  at  which  stibnite  has  been  known 
to  be  found.  It  is  probably  an  early  Tertiary  or  late  Cretaceous 
intrusion,  as  it  cuts  sandstones  of  Cretaceous  age.**  The  next  nearest 
igneous  rock  is  an  augitic  dike  in  Montgomery  County,  somewhat 
farther  away,  and  still  farther  east  are  the  Magnet  Cove  and  Fourche 
Mountain  areas  of  syenitic  and  other  rocks.  These  rocks  are  supposed 
to  be  of  about  the  same  age  as  the  peridotite  of  Pike  County.  In 
other  directions  no  igneous  rocks  are  known  for  very  much  longer 
distances. 

THE  AlSTTIMOlSrY  TEIlSrS. 

BOB  WOLF  MINE. 

The  Bob  Wolf  property  lies  3  miles  east  and  somewhat  north  of 
Gilham.  It  is  locally  known  as  Wolfton,  but  it  was  first  known  by 
the  former  name  and  is  so  designated  in  the  literature.  It  was  first 
worked  for  silver  under  the  supposition  that  the  stibnite  was  galena.* 
The  shaft,  which  is  now  much  caved,  is  said  by  Charles  E.  Wait  ®  to 
have  been  60  feet  deep. 

The  dip  of  the  country  rock,  which  is  considerably  disturbed  for 
about  2  feet  on  each  side,  could  not  be  measured  along  the  vein,  nor. 
could  the  exact  relationship  between  the  two  be  determined,  but  in 
the  road  about  200  feet  north  of  the  vein,  the  rocks  have  a  strike  of  N. 
70°  E.,  with  a  steep  southerly  dip.  In  a  valley  200  or  300  feet  north 
of  the  main  shaft  a  smaller  quartz  vein  also  strikes  N.  70°  E.  ^ 

The  rock  in  which  the  main  vein  is  located  is  a  soft,  sandy,  yellow 
to  olive  "  shelly "  ^  shale  with  thin  drab  intercalated  sandstones. 
Where  less  weathered  the  sandstone  is  a  very  dark  gray.  One- 
fourth  mile  west  of  the  main  shaft  almost  black  shale  of  muddy 
origin  is  exposed.  As  seen  in  the  top  of  the  shaft  and  in  a  prospect 
hole  a  short  distance  east  of  it,  the  vein  runs  about  east  and  west  with 
an  almost  vertical  dip.  It  varies  in  width  up  to  10  or  12  inches,  and 
may  be  traced  by  old  excavations  along  its  course  for  half  a  mile  or 

«  Branner»  J.  C,  and  Brackett,  R.  N.,  The  peridotite  of  Pike  County,  Ark. :  Am.  Jour. 
Sci.,  3d  ser.,  vol.   38,   1899,  p.  55. 

*  Personal  communication  from  William  Conboy,  of  Gilham,  Ark. 

«  Op.  Cit.,  p.  44. 

^  "  Shelly  "  is  a  term  much  used  in  the  oil  regions  to  distinguish  a  shale  which  breaks 
in  curved  plates  somewhat  resembling  shells. 
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more,  swelling  and  thinning  along  both  strike  and  dip.  The  vein  is 
comby ;  that  is,  the  quartz  has  formed  crystals  which  extend  from  the 
sides  toward  the  center  and  show  terminal  faces.  It  could  not  be  seen 
that  the  solutions  from  which  the  vein  was  deposited  had  exercised 
any  influence  whatever,  such  as  hardening  or  silicification,  on  the  in- 
closing rock.  Many  pieces  of  shale  forming  nuclei  from  which  quartz 
crystals  radiate,  yet  so  soft  that  they  crumble  and  fall  out  like  clay, 
are  included  in  the  vein.  The  vein  is  largely  barren,  and  where  stib- 
nite  occurs,  it  is  found  mostly  between  the  combs  of  quartz.  The 
blades  of  stibnite  lie  nearly  parallel  with  the  walls  and  so  approxi- 
mately at  right  angles  to  the  quartz  crystals.  Some  very  small  crys- 
tals of  stibnite,  less  than  one-fourth  inch  long,  show  the  peculiar 
erratically  bent  forms  characteristic  of  the  mineral.  Fragments  of 
ore  lying  on  the  dump  show  an  antimony  oxide,  probably  cervantite 
(Sb204).  Here  and  there  a  small  amount  of  calcite  forms  thin  bands 
in  the  veins.  The  calcite  is  mixed  with  siderite,  which  in  places  is  of 
a  uniform  reddish-brown  color,  from  oxidation. 

No  sphalerite,  iron  sulphides,  or  other  accessory  minerals  were 
foiind  in  the  pieces  of  ore  picked  up  around  the  mine.  In  an  analysis 
of  a  specimen  from  the  upper  part  of  the  vein,  Wait  ®  found  about 
0.5  per  cent  each  of  arsenic  and  bismuth.  In  ore  obtained  near  the 
bottom  of  the  shaft  neither  of  these  minerals  was  present,  but  he 
found  0.002  per  cent  of  cobalt.  Unless  the  sample  taken  for  analysis 
was  large,  so  minute  a  quantity  would  be  indeterminable.  Under 
certain  circumstances,  in  dealing  with  such  small  amounts,  copper 
might  readily  be  mistaken  for  cobalt,  and  as  copper  is  noted  in 
many  veins,  whereas  this  is  the  only  occurrence  of  cobalt  observed, 
this  determination  should  probably  be  accepted  with  caution. 

ANTIMONV  BLUFF   SHAFT. 

The  old  Antimony  Bluff  shaft  was  not  visited  by  the  present 
writer,  as  he  was  assured  that  it  was  so  badly  caved  that  nothing 
could  be  seen  of  the  vein.  This  shaft  was  described  by  Wait,**  who 
states  that  the  vein  had  a  strike  of  N.  13^  E.  and  a  dip  of  70°  N., 
cutting  across  the  stratification.  What  he  evidently  intended  to  say 
was  that  the  main  vein  had  a  strike  of  13°  N.  of  E.,  for  he  makes 
the  strike  the  same  as  that  of  the  veins  at  the  Ben  Wolf  and  Stewart 
mines,  and  they  are  near  the  latter  direction.*  The  vein  contained 
stibnite  in  masses  reaching  30  inches  in  thickness  .and  pieces  were 
taken  out  weighing  100  to  500  pounds.     The  ore  was  remarkably 

•Op.  cit.,  pp.  45-49. 

»T.  B.  Comstock  (loc.  cit.)  says  that  the  vein  dipped  79"  N.  27"  W. 
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pure.    Analysis  of  a  specimen  obtained  at  a  depth  of  50  feet  gave 
the  following  result : 

Analysis  of  siibnite  ore  from  Antimony  Bluff  shaft, 

Stibnite 09.711 

Chalcopyrite .  055 

Bismuthinite .  005 

Gangue .  229 

SUver None. 


100.000 


A  minute  trace  of  arsenic  was  found  in  a  specimen  examined  later, 
and  some  arsenopyrite  was  found  in  needle-like  crystals  in  "  a 
siliceous  slate"  accompanying  the  vein  at  one  place.  There  was 
a  small  vein  a  few  inches  in  thickness  on  the  north  side  of  the  shaft 
which  contained  some  lead,  zinc,  and  iron.  Wait  found  silver  up  to 
8  ounces  per  ton  in  the  ore,  but  only  in  those  specimens  which  con- 
tained lead. 

At  60  feet  in  depth  the  ore  pinched  out,  water  came  in,  and  the 
shaft  was  abandoned'.* 

NEW  DISCOVERY  SHAFT. 

Half  a  mile  or  more  east  of  the  Antimony  Bluff  mine,  a  shaft  said 
to  be  between  100  and  125  feet  deep  was  sunk  in  1902,  and  a  plant 
consisting  of  a  shaft  house,  boiler,  engines,  ore  crusher,  and  black- 
smith shop  was  put  up  on  a  vein  carrying  some  sphalerite  and  galena. 
This  property  is  known  as  the  New  Discovery.  When  visited  the 
vein  was  not  visible  at  the  surface  and  the  shaft  could  not  be  entered, 
but  to  judge  from  a  small  amount  of  ore  in  the  bin  the  deposit  is  evi- 
dently somewhat  different  from  the  others  seen.  The  ore  is  a  brec- 
ciated  sandstone  cemented  with  small  veins  containing  sphalerite, 
galena,  quartz,  and  siderite.  There  are  also  small  amounts  of  pyrites, 
which  may  be  copper  bearing.  Only  one  piece  showing  stibnite  was 
found,  and  it  was  not  certainly  from  this  shaft.  David  Ziedler,  who 
worked  in  the  shaft  until  it  reached  a  depth  of  40  or  50  feet,  stated 
to  the  writer  that  he  saw  no  stibnite  in  the  vein  down  to  that  depth. 
The  ore  bears  little  resemblance  to  the  ores  from  the  antimony-bear- 
ing veins,  and  the  amount  of  quartz  present  is  very  much  less. 

CONBOY  SHAFT  AND  TUNNEL. 

The  old  Conboy  diggings  are  in  the  northeast  corner  of  sec.  5,  T. 
7  S.,  R.  30  W.,  about  one-half  mile  east  of  the  New  Discovery  shaft. 
An  inclined  shaft  90  feet  deep  was  sunk  along  a  quartz  vein  out- 

•  Comstock,  T.  B.,  op.  clt.,  p.  142. 
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cropping  on  the  north  side  of  a  hill,  about  100  feet  above  the  base. 
The  shaft  follows  the  dip  of  the  vein  and  is  inclined  about  45°. 

The.  stibnite  in  the  shaft  is  said  to  have  averaged  6  inches  in  thick- 
ness for  50  feet  from  the  surface,  below  which  it  became  thinner 
until  it  pinched  out  altogether.  If  there  was  any  such  amount  of 
stibnite  as  this  in  the  shaft  the  ore  shoot  must  have  been  very  narrow, 
for  the  sides  were  not  mined.  Mr.  Conboy  stated  to  the  writer  that 
some  of  the  ore  was  so  rich  in  silver  that  it  was  sold  for  22  cents  per 
pound.  The  fragments  of  ore  found  near  the  shaft  show  a  distinct 
banded  structure,  with  comby  quartz  one-half  inch  thick  on  each 
side  of  a  central  band  of  stibnite  1  to  2  inches  thick,  whose  crystals 
lay  roughly  parallel  to  the  walls.  Scattered  through  the  stibnite 
are  small  crystals  of  quartz  and  some  particles  of  siderite.  Outside 
of  the  comby  vein  there  are  several  thin  bands  of  siderite  with  some 
impurities,  probably  stibnite.  No  galena  was  seen.  A  tunnel  310 
feet  long  cut  the  vein  about  12  feet  below  the  bottom  of  the  shaft. 
At  this  depth  the  vein  had  pinched  to  almost  nothing  and  no  ore 
was  in  sight.  A  drift  was  run  75  feet  eastward  along  the  vein  and 
although  there  was  no  ore  in  the  roof  of  the  drift,  it  is  said  that 
in  the  floor  6  or  7  inches  of  stibnite  was  found  at  the  thickest  part. 
The  drift  is  now  caved  and  could  not  be  examined. 

The  tunnel  affords  the  best  place  to  study  the  relations  of  the  rocks 
and  veins,  as  the  walls  are  clean  and  there  is  no  caving.  The  rocks 
strike  N.  77°  E.,  with  a  dip  of  45°  N.  13°  W.  The  vein  follows  the 
bedding  and  lies  between  dark  sandy  shales  and  a  stiffer  thin  bed 
of  sandstone.  Slipping  between  the  beds,  due  to  folding,  is  notice- 
able. 

OTHER  SHAFTS  NEAR  THE  CONBOY. 

About  one-half  mile  farther  east,  in  a  general  way  along  the  strike 
of  the  vein,  a  couple  of  shafts  have  been  sunk  on  a  vein  which  may 
or  may  not  be  the  same  as  that  at  the-  Conboy  slope.  Very  little 
stibnite  was  to  be  seen  in  the  fragments  from  the  vein.  There  were 
small  amounts  of  pyrite,  sphalerite,  and  galena,  with  the  usual  quartz 
and  considerable  siderite.  The  vein  seems  to  be  not  over  a  few  inches 
wide. 

Various  other  excavations  have  been  made  along  this  vein  which 
show  it  to  be  parallel  to  the  vein  on  which  the  Stewart  diggings 
are  located,  the  last  of  them  being  located  50  or  60  feet  north  of  the 
Stewart  vein: 

STEWART  MINE. 

About  the  old  Stewart  mine  there  is  now  but  little  to  be  seen  except 
a  caved  trench  showing  the  direction  the  diggings  followed.  C.  E. 
Wait  ®  states  that  this  antimony  deposit  was  discovered  considerably 

«  Op.  cit,  p.  49. 
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later  than  the  Antimony  Blutf  and  Bob  Wolf  outcrops,  but  according 
to  local  tradition  the  Stewart  was  probably  the  first  discovered." 

It  is  said  that  at  some  time  between  1870  and  1872  stibnite  was 
hauled  from  this  mine  to  Little  Rock,  over  100  miles  distant,  and  to 
Fulton,  on  Red  River,  about  65  miles  distant.  Thence  it  was  taken 
to  New  Orleans  by  boat,  and  from  that  <;ity  shipped  to  England. 

The  diggings  follow  a  direction  about  N.  82°  E.  The  dip  could  not 
be  seen,  but  is  said  by  Comstock  ^  to  be  60°-80°  N.  Wait  ^  states 
that  in  1877,  at  a  depth  of  32  feet,  the  vein  was  about  1  foot  thick  and 
carried  a  streak  of  stibnite  4  inches  thick.  He  shows  the  remarkable 
purity  of  the  stibnite  by  the  following  analysis: 

Analysis  of  stihnite  from  Stewart  mine. 

Antimony 69. 87 

Sulphur 27.91 

Iron .  02 

Zinc '- .  01 

Silica 2. 69 

Silver None. 


100.50 

He  found  specimens  of  zinkenite  (PbS.SbjjSs),  jamesonite 
(2PbS.Sb2S3),  and  an  oxidation  product  of  the  latter,  bindheiijiite 
(PbO.Sb2O5.H2O).  One  specimen  of  jamesonite  gave  0.2229  per 
cent  of  silver ;  0.01  per  cent  or  less  each  of  copper,  bismuth,  and  cad- 
mium; and  a  trace  of  gold.  Some  galena  occurred  in  the  vein,  but 
sphalerite  is  not  reported,  though  its  presence  would  be  expected.  A 
piece  of  ore  picked  up  on  the  dump  showed  massive  stibnite  in  which 
the  ordinary  bladed  structure  was  wholly  absent. 

The  total  output  of  the  mine  is  unknown ;  25  long  tons  were  pro- 
duced in  1877,^  and  between  1880  and  1889  the  yield  was  50  tons  of 
high-grade  ore.    Some  other  small  amounts  have  also  been  taken  out. 

MAY  MINE. 

The  May  claim  lies  about  half  a  mile  east  of  the  Stewart,  on  a  vein 
along  which  a  considerable  number  of  excavations  have  been  made 
and  which  may  or  may  not  be  a  continuation  of  the  Stewart  vein. 
It  is  in  the  NE.  J  sec  4,  T.  30  W.,  R.  7  S.,  about  1  mile  south  of 
Antimony  post-office,  and  about  8  miles  north  of  east  from  Gilham. 
The  excavations  show  that  the  vein  strikes  N.  80°  E.,  with  a  southerlv 
dip  that  is  almost  vertical.  The  vein  follows  the  bedding  of  the 
country  rock,  which  is  sandy  and  muddy  shale,  a  good  deal  shattered. 
There  has  been  some  horizontal  movement  along  the  vein,  but  no  verti- 
cal movement  could  be  noted,  though  the  exposures  are  poor  and  it 

«  rersonal  communication  from  William  Conboy,  of  Gilham,  Ark. 

6  Op.  cit,  p.  138. 

<•  Op.  cit,  p.  52. 

^  Wait,  C.  E.,  op.  cit,  p.  52. 
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can  not  be  stated  that  there  has  been  none.  The  shale  is  thinly 
bedded  and  is  so  dark  a  short  distance  below  the  surface  that  the 
dumps  from  the  shafts  look  much  like  "  slack  "  piles  in  the  bituminous 
coal  fields. 

This  claim  was  worked  for  antimony  as  late  as  1903,  and  there  is 
on  it  a  shaft  house  with  hoisting  and  air-compressing  machinery  in 
fair  shape.  The  shaft  is  located  almost  at  the  foot  of  the  south  slope 
of  a  hill,  about  30  feet  south  of  the  outcrop  of  the  vein.  At  the  time 
it  was  visited  the  shaft  was  full  of  water. 

Mr.  Paul  Knod,  of  Gilham,  one  of  the  owners  of  the  property,  gave 
the  following  information  concerning  the  mine : 

The  shaft  is  vertical,  8  by  9  feet,  125  feet  deep,  and  solidly  cribbed  for  113 
feet  below  the  surface.  At  a  depth  of  45  feet  a  crosscut  reached  the  vein  at  27 
feet,  where  only  a  little  disseminated  stibnite  was  carried  in  the  quartz. 

At  80  feet  in  depth  a  crosscut  reached  the  vein  in  22  feet,  at  which  point  it 
carried  a  sheet  of  solid  stibnite  6  inches  thick.  A  drift  was  run  33  feet  to  the 
east,  and  a  stope  10  feet  wide  was  driven  18  feet  high.  From  16  to  18  tons  of  ore 
was  taken  out  of  this  drift  and  stope.  At  100  feet  in  depth  the  vein  was  reached 
by  a  crosscut  17  feet  long.  A  drift  was  run  18  feet  to  the  east,  where  the  ore 
was  about  10  inches  thick  in  the  face. 

The  last  work  was  done  in  1903.  In  that  year  27  tons  of  ore,  which  ran  61.5 
per  cent  antimony  and  brought  $57  per  ton,  was  shipped  to  New  York. 

A  small  amount  of  bismuth  and  traces  only  of  arsenic  and  copper  are  said  to 
have  been  found  in  the  ores. 

There  is  now  lying  upon  the  dump  probably  between  20  and  30  tons  of  ore 
that  needs  some  concentrating  to  make  it  marketable.  The  ore  contains  quartz, 
siderite,  calcite,  and  some  pyrite  as  impurities. 

Some  years  before  the  present  shaft  was  dug  two  other  shafts,  300  and  600 
feet  west  of  it,  were  sunk  simultaneously.  The  shaft  600  feet  west  reached  a 
depth  of  110  feet,  and  at  one  place  had  22  inches  of  stibnite.  The  third  shaft, 
sunk  to  90  feet  in  depth,  had  a  "  feather-edge  "  of  stibnite  at  the  surface  and 
but  5  inches  at  the  thickest. 

In  1906  plans  were  made  by  the  company  owning  the  claims  to  work  the 
mines  again,  but  before  the  work  could  be  commenced  the  price  of  antimony  fell 
too  low  to  make  it  profitable. 

BUSBY  MINE. 

The  Busby  mine  is  in  the  northeast  corner  of  Sevier  County  and  is 
said  by  Ashley  **  to  have  shown  some  stibnite,  but  there  is  no  record  of 
any  production. 

OTTO  AND  VALLEY  MINES. 

The  Otto  mine  is  located  near  the  middle  of  sec.  20,  T.  31.  W.,  R. 
7  S.,  about  3J  miles  southwest  of  Gilham,  in  the  valley  of  a  tributary 
of  Roaring  Fork.  The  country  rocks  are  similar  to  those  described 
at  the  other  mines.  The  mine  is  now  caved  in  and  nearly  filled  with 
water,  so  that  but  little  can  be  seen.     However,  the  vein  is  fairly  well 

«  Op.  cit.,  p.  307. 
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exposed  at  the  top  of  the  shaft,  where  it  is  split  into  two  branches, 
each  10  or  12  inches  thick  and  about  3  feet  apart.  They  evidently 
join  at  a  depth  of  20  or  25  feet.  The  strike  is  about  N.  72°  E.,  and 
the  dip  approximately  vertical.  The  rocks  are  somewhat  disturbed 
at  the  surface,  probably  from  weathering,  so  that  the  relation  of  the 
vein  to  the  rocks  is  not  certain.  Half  a  mile  farther  west  the  rocks 
strike  N.  80°  E. 

Comstock"  visited  the  mine  in  1887  and  states  that  the  ores  con- 
tained a  considerable  amount  of  lead,  and  one  assay  gave  1.2  ounces 
of  silver  per  ton.  Pieces  of  ore  picked  up  on  the  dump  showed  much 
zinc  blende  in  small  crystals.  In  some  specimens  quartz  shows  pecul- 
iar reentrant  angles  and  is  somewhat  etched. 

Ashley  ^  states  that  at  the  time  he  visited  the  mine  (1892)  the  shaft 
was  sunk  to  a  depth  of  230  feet  and  was  still  in  good  ore.  According 
to  local  tradition,  over  a  thousand  tons  of  antimony  ore  was  pro- 
duced by  this  mine. 

The  Valley  shaft  was  situated  a  few  hundred  feet  east  of  the  Otto. 
It  did  not  produce  much  antimony,  and  but  little  is  known  of  its 
ores. 

BELLAH  MINE. 

The  Bellah  mine,  6^  miles  southwest  of  Gilham,  was  not  visited 
by  the  writer,  as  it  was  said  to  be  full  of  water.  It  has  recently  been 
operated  as  a  zinc  mine,  and,  according  to  Bain,<^  was  worked  during 
the  war  by  the  Confederate  Government  for  lead.  He  states  that  a 
well-defined  vein  3  to  8  feet  wide  cuts  across  the  shales  with  a  strike 
of  N.  82°  E.,  and  is  perpendicular  at  the  surface,  dipping  80°  N.  at 
145  feet  in  depth.  It  was  at  that  time  (1900)  developed  to  a  depth 
of  160  feet.  The  vein  shows  both  vertically  and  horizontally  striated 
slickensides,  and  is  made  up  of  comby  quartz  containing  angular 
fragments  of  the  country  rock.  Below  115  feet  zinc  blende  is  the 
more  important  ore,  with  lesser  amounts  of  galena  and  chalcopyrite. 
No  mention  is  made  of  antimonial  ores.  Ore  seen  by  the  present 
writer  showed  a  quartz  comb  with  zinc  blende  spread  over  the  ends 
of  the  quartz  crystal. 

OTHER  TrEI]S"S. 

Besides  the  veins  on  which  the  deposits  here  described  are  located, 
others  which  have  similar  trend  and  apparently  similar  relations  to 
the  country  rock  and  belong  to  the  same  age  as  those  in  the  vicinity 
of  Gilham  are  reported  by  Ashley  *  to  occur  north  of  Gilham  in  Tps. 
5  and  6.  Some  of  these  carry  considerable  chalcopyrite.  Jenney** 
says  that  this  system  of  veins  may  be  followed  northeastward  past 

°  Op.   dt.,   pp.    143-144.  «'  Op.  cit.,  p.  133. 

»  Op.   clt.,   p.   308.  d  Op.  cit.,  pp.  206-208. 
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Little  Rock,  but  this  may  be  too  great  a  generalization.  Joseph  A. 
Taflf,  of  the  United  States  Geological  Survey,  in  a  personal  communi- 
cation, states  that  west  of  this  area,  in  Oklahoma,  there  are  many 
apparently  similar  but  smaller  quartz  veins. 

SUMMARY  AND  DEDUCTIOIS^S. 

In  general  the  veins  described  are  comby  quartz  structures  follow- 
ing the  bedding  planes  of  the  shales  and  sandstone  in  which  they 
are  found.  They  are  slickensided,  showing  both  horizontal  and  ver- 
tical striations.  The  country  rock  has  not  been  affected  by  the  solu- 
tions from  which  the  quartz  has  been  deposited,  even  the  included 
fragments  in  the  veins  remaining  unaltered,  but  forming  nuclei  from 
which  the  quartz  crystallized. 

The  original  minerals  found  in  the  veins  are  quartz,  stibnite, 
jamesonite,  zinkenite,  galena,  sphalerite,  pyrite,  chalcopyrite,  siderite, 
and  calcite.  Traces  are  found  of  arsenic;  bismuth,  cadmium,  co- 
balt(  ?),  silver,  and,  minutely  and  rarely,  gold.  Cervantite  and  bind- 
heimite  occur  as  oxidation  products  of  stibnite  and  jamesonite, 
respectively. 

The  ores  have  been  mostly  mther  pure  oxide  and  sulphide  of  anti- 
mony, or  lead  ores,  in  many  places  silver  bearing,  for  40  to  115  feet 
from  the  surface,  below  which  sphalerite  and  other  impurities  begin 
to  come  in.  The  ores  which  are  easily  oxidizable,  or  those  whose 
oxidation  products  are  readily  soluble,  have  been  more  or  less  com- 
pletely leached  from  the  upper  portions  of  the  veins  to  the  depth 
mentioned,  which  probably  corresponds  to  the  lower  limit  of  varia- 
tion of  the  ground-water  surface. 

The  minerals  occurring  in  the  veins  are  deposited  upon  the  faces 
of  the  quartz  crystals  forming  the  combs,  and  are  therefore  younger 
than  most  of  the  quartz,  although  a  certain  amount  of  quartz  has 
been  deposited  later  with  the  metallic  minerals. 

There  is  a  central  area  through  which  the  veins  predominantly 
carry  stibnite;  elsewhere  either  the  other  minerals  preponderate  or 
no  stibnite  is  present.  This  area  runs  northeastward  from  the  Otto 
mine  to  the  May — a  distance  of  about  8  miles  in  a  direct  line,  and  is 
perhaps  2  miles  wide. 

The  ore  bodies  occur  in  thin  lenticular  masses  whose  longest  dimen- 
sion approaches  verticality  and  may  reach  more  than  100  feet.  The 
width  may  be  from  3  or  4  feet  to  20  or  even  40  feet;  the  thickness 
ranges  from  a  "  feather-edge  "  to  2J  feet. 

The  list  of  minerals  given  above  as  being  found  in  the  veins  at  once 
suggests  igneous  origin — ihat  is,  that  the  solutions  from  which  the 
veins  were  deposited  had  their  origin  in  igneous  magmas,  or  at  least 
picked  up  their  load  of  minerals  from  them.    The  rather  wide  dis- 
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tribution  in  Arkansas  of  small  igneous  intrusions  whose  general  trend 
is  about  the  same  as  that  of  the  veins,  and  which,  as  in  the  vicinity  of 
Hot  Springs,  even  now  are  either  directly  or  indirectly  responsible 
for  flowing  hot  waters,  such  as  the  springs  for  which  the  town  is 
named,  gives  such  a  theory  much  plausibility.  In  the  folding  of  the 
strata  the  upper  parts  of  the  anticlines  are  cracked  by  the  tensional 
strains  jjitit  upon  them.  Exactly  the  same  thing  must  happen  to  the 
lowest  strata  turning  under  the  synclines.  Into  these  cracks  the 
waters  forced  from  below  would  naturally  flow,  but  the  beds  in  the 
middle  and  upper  portions  of  the  synclines  are  compressed  and  less 
fractured,  so  that  the  solutions  would  be  turned  aside  to  continue 
upward  by  way  of  bedding  planes  where  unevenness  and  slipping 
had  been  caused  by  dissimilarity  of  the  beds,  as  of  shale  and  sand- 
stone, and  along  such  cracks  they  would  travel  to  the  surface.  If 
the  explanation  that  the  veins  were  formed  by  waters  connected 
with  the  intrusive  rocks  is  accepted  for  their  origin,  then  their  age 
would  be  but  little  less  than  that  of  the  intrusions,  probably  early 
Tertiary  or  late  Cretaceous. 

With  such  a  deep-seated  origin  it  is  probable  that  the  lenses  of  ore 
will  alternately  make  and  pinch  out  to  a  considerable  depth,  and  in 
times  of  high  prices  for  ore,  such  as  prevailed  during  1906,  some  of 
the  mines  might  be  worked  at  a  profit.  It  can  not  be  stated,  however, 
what  the  vertical  extent  of  any  ore  shoot  may  be,  and  below  the 
ground-water  level  varying  amounts  of  impurities  consisting  of  zinc 
blende,  chalcopyrite,  and  iron  pyrite  are  to  be  expected. 


ANTIMONY  IN  SOUTHERN  UTAH. 


By  G.  B.  RicHAKDSON. 


IISTTRODUCTION. 

The  occurrence  of  antimony  in  southern  Utah  has  long  been  known. 
The  deposits  have  been  worked  at  irregular  intervals  since  1880  and 
it  is  reported  that  more  than  $100,000  worth  of  ore  has  been  shipped 
from  the  property  on  Coyote  Creek,  in  Garfield  County.  This  prop- 
erty was  described  by  Blake  ®  and  a  report  on  the  general  geology  of 
the  region  was  made  by  Dutton.^ 

The  rise  in  the  price  of  antimony  in  1905  and  1906  led  to  renewed 
activity  in  developing  the  neglected  deposits  in  the  United  States,  and 
after  a  period  of  no  production  covering  several  years,  295  tons,  part 
of  which  came  from  Utah,^  were  mined  in  this  country  in  1906.  A 
large  concentrating  mill  has  recently  been  erected  in  the  valley  of 
Coyote  Creek,  and  preparations  have  been  made  for  active  mining. 
The  writer  spent  a  few  days  at  this  property  in  September,  1907,  and 
is  indebted  to  Mr.  Thompson  Campbell,  of  the  Utah  Antimony  Com- 
pany, for  many  courtesies. 

XiOGATION. 

Coyote  Creek  is  a  branch  of  the  East  Fork  of  Sevier  River.  The 
stream  occupies  a  short,  narrow  valley  in  the  northwestern  part  of 
Garfield  County,  in  the  midst  of  the  high  plateaus  of  Utah.  The 
camp  is  about  40  miles  by  road  southeast  of  Marysvale,  the  terminus 
of  the  San  Pete  and  Sevier  branch  of  the  Rio  Grande  Western  Rail- 
way. The  elevation  of  the  mines  is  about  7,000  feet;  the  Awapa 
Plateau  to  the  north  and  the  Aquarius  Plateau  to  the  south  and  east 
rise  2,000  to  3,000  feet  higher. 

—  -      — —  -■    —  —  -  ■^---  ^ 

«  Blake,  W.  P.,  Mineral  Resources  U.  S.  for  1883  and  1884,  U.  S.  Geol.  Survey,  1885,  pp. 
643-644. 

*  Button,  C.  E.,  Geology  of  the  High  Plateaus  of  Utah,  1880. 
'^  The  Mineral  Industry  during  1906,  p.  4. 
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OUTIilNE  OF  GEOIiOGY. 

The  rocks  of  this  general  region  form  a  part  of  the  igneous  complex 
of  south-central  Utah.  They  consist  of  lava  sheets,  beds  of  tuff  and 
volcanic  conglomerate,  and  intrusive  masses  of  various  types.  These 
igneous  rocks  cap  the  highest  plateaus  and  overlie  an  eroded  surface 
of  Eocene  strata  which  outcrop  at  lower  elevations  around  the  igneous 
uplands.  Beneath  the  Tertiary  rocks  lie  several  thousand  feet  of 
Mesozoic  and  Paleozoic  sediments,  which  are  exposed  in  a  series  of 
descending  benches  southward  from  the  High  Plateaus  to  the  plat- 
form in  which  Colorado  River  has  cut  the  Grand  Canyon.  The 
plateaus  are  traversed  by  a  number  of  normal  faults  of  large  displace.- 
ment  which  trend  in  general  north  and  south.  One  of  these  faults, 
together  with  the  action  of  erosion,  has  exposed  a  small  area  of 
Eocene  sediments  in  Coyote  Creek  valley  and  it  is  in  these  beds  that 
the  antimony  occurs. 

The  valley  of  Coyote  Creek  is  occupied  by  a  variable  succession  of 
strata.  At  the  base  of  the  section  there  is  150  feet  of  gray  conglom- 
erate composed  of  rounded  pebbles  of  quartz  and  quartzite  up  to  6 
inches  in  diameter,  in  a  sandy  matrix.  The  conglomerate  is  overlain 
by  a  great  mass  of  fine-textured  buff  and  reddish  sandstone,  with  sub- 
ordinate drab  and  red  sandy  and  clayey  shale  and  thin-bedded  lime- 
stone, amounting  in  all  to  several  hundred  feet  in  thickness.  No  fos- 
sils have  been  found  in  these  rocks,  but  because  of  their  lithologic  re- 
semblance to  Eocene  strata  elsewhere  in  the  plateau  region  they  are. 
provisionally  referred  to  that  period.  These  sediments  are  succeeded 
by  about  1,000  feet  of  andesitic  tuff  and  lava  which  cap  the  surround- 
ing plateaus.  The  rocks  lie  approximately  flat,  though  there  is  a 
general  low  northeastward  dip.  At  the  mouth  of  Coyote  Canyon  a 
fault  causes  the  strata  to  dip  steeply  westward. 

OCCURRENCE  pF  THE  ORE. 

The  ore  consists  of  stibnite  and  its  oxidation  products,  which  occur 
generally  in, flat-lying  deposits  in  the  sandstone  and  conglomerate. 
The  chief  zone  of  mineralization  is  adjacent  to  the  contact  of  the  con- 
glomerate and  overlying  sandstone,  the  ore  occurring  most  commonly 
in  fine-textured  argillaceous  sandstone  a  few  feet  above  the  conglom- 
erate. In  many  places  a  bed  of  clay  shale  about  5  feet  thick  immedi- 
ately underlies  the  ore-bearing  sandstone,  and  locally  the  upper  part 
of  the  conglomerate  is  mineralized.  The  ore  does  not  occur  persist- 
ently and  uniformly,  though  it  is  present  most  commonly  at  this  gen- 
eral horizon  on  both  sides  of  Coyote  Creek. 

In  the  early  days  of  development  attention  was  given  chiefly  to  the 
lenses  of  ore,  the  "  kidney  "  deposits.    The  known  lenses  have  now  all 
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been  worked  out,  but  it  is  said  that  they  ranged  from  several  inches 
to  20  feet  in  thickness.  It  is  reported  that  55  tons  of  ore  were  re- 
moved from  one  of  these  lenses.  At  present  no  large  bodies  of  stib- 
nite  are  in  sight  but  there  is  a  great  amount  of  low-grade  ore. 

The  occurrence  and  character  of  the  deposits  vary  in  the  different 
prospects.  A  common  occurrence  is  in  layer-like  bodies  of  irregular 
thickness  but  averaging  only  a  few  inches.  The  "  layers  "  are  not 
continuous  beds  and  they  are  only  approximately  parallel  to  the  bed- 
ding. Many  of  them  are  undulatory  and  thicken  and  thin  out  irreg- 
ularly. In  a  number  of  places  thin  bodies  of  ore  were  observed  cut- 
ting across  the  bedding  of  the  sandstone  and  connecting  the  more 
nearly  horizontal  deposits.  The  ore  also  commonly  occurs  dissem- 
inated in  the  sandstone,  in  irregular  segregations. 

A  characteristic  feature  of  the  antimony  deposits  of  Coyote  Creek 
is  that  the  ore  consists  only  of  stibnite  and  its  oxidation  products, 
gangue  minerals  being  almost  completely  absent.  Only  one  exception 
was  observed,  at  the  Emily  claim,  on  the  south  side  of  the  creek,  where 
in  a  small  gash  vein  but  a  few  inches  wide  stibnite  and  pyrite  are 
associated  with  calcite.  A  thin  section  cut  along  the  contact  of  the 
stibnite  with  the  country  rock  shows  an  uneven  junction,  the  stibnite 
extending  very  irregularly  into  thQ  sandstone.  Locally  stibnite,  with 
well-defined  crystal  faces,  penetrates  and  is  partly  embedded  in  ad- 
jacent quartz  grains  of  the  sandstone. 

The  stibnite  occurs  in  a  variety  of  forms.  In  the  larger  ore  bodies 
it  is  commonly  present  in  aggregates  of  prismatic  crystals  arranged 
radially  or  in  columnar  masses.  In  one  group  crystals  G  inches  long 
were  observed.  It  is  also  present  in  indiscriminately  mixed  groups 
of  acicular  crystals.  Adjacent  to  the  outcrop  the  stibnite  is  almost 
invariably  oxidized  and  the  steel-gray  sulphide  gives  place  to  the 
lighter  brown,  yellow,  and  white  oxidation  products.  A  number  of 
oxidized  specimens  were  examined  by  Dr.  W.  T.  Schaller,  of  the 
United  States  Geological  Survey,  to  determine  the  variety  of  these 
products.  He  reports  that  they  are  anhydrous  and  easily  fusible  and 
that  they  are  either  valentinite  or  senarmontite — probably  the  former, 
as  reported  by  Blake.'*  In  many  places  the  valentinite  occurs  in 
acicular  crystals  as  a  pseudomorph  after  stibnite.  Associated  with 
the  ore  and  forming  efflorescences  on  the  walls  of  the  country  rock, 
the  following  minerals  are  locally  present:  Epsomite;  a  hydrous 
magnesium  sulphate;  a  hydrous  aluminum  sulphate,  probably 
alunogen ;  a  hydrous  ferrous  sulphate ;  and  gypsum. 

Small  quantities  of  arsenic  minerals  have  been  found  in  the  valley 
of  Coyote  Creek  contiguous  to  the  antimony  deposits,  but,  so  far  as 
the  writer  is  aware,  not  immediately  associated  with  them.  On  the 
north  side  of  the  creek,  about  100  feet  southeast  of  the  stibnite  pros- 

•Loc.  cit. 
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pect  known  as  "  Black  Jack  No.  2,"  there  is  a  small  deposit  of  the  sul- 
phides of  arsenic  in  shales  of  Eocene  age.  Realgar  and  orpiment  in 
irregular  seams  ranging  in  thickness  from  a  fraction  of  an  inch  to 
about  6  inches  and  only  a  few  inches  in  length  occur  in  a  blue-drab 
clay  shale.  No  other  vein  minerals  are  present  and  the  realgar  and 
orpiment,  in  small  crystals,  are  intimately  associated.  Other  similar 
occurrences  of  small  amounts  of  arsenic  are  reported  in  the  valley  of 
Coyote  Creek. 

The  occurrence  of  the  ore  indicates  that  it  is  of  epigenitic  origin — 
that  is,  it  was  formed  subsequently  to  the  deposition  of  the  rocks  in 
which  it  is  found,  and  its  origin  is  probably  connected  with  the  ad- 
jacent igneous  rocks,  as  suggested  by  Blake.  The  antimony  may  have 
been  derived  from  these  rocks  either  during  their  intrusion  through 
the  sediments  or  less  probably  after  their  eruption  on  the  surface,  the 
stibnite  being  deposited  from  percolating  solutions  in  part  filling  ex- 
isting spaces  and  in  part  by  metasomatic  replacement.  The  bed  of 
shale  which  in  many  places  immediately  underlies  the  ore  apparently 
arrested  the  solutions  and  determined  the  local  concentration  of  the 
stibnite.  In  such  places  evidently  the  solutions  were  not  directly 
ascending  but  moved  either  laterally  or  from  above. 

DEVKLOPMENT. 

The  deposits  of  antimony  adjacent  to  Coyote  Creek  have  been 
worked  sporadically  for  the  last  twenty-seven  years.  For  the  most 
part  this  work  has  been  limited  to  the  exploitation  of  the  large  lenses 
and  little  or  no  systematic  mining  has  been  done.  There  has  been 
considerable  prospecting,  however,  and  a  score  or  more  of  tunnels 
have  been  driven  into  the  deposits  at  various  places  on  both  sides  of 
the  creek. 

In  the  past  work  has  been  chiefly  directed  toward  getting  high- 
grade  ore  running  between  50  and  60  per  cent  of  antimony.  The 
"  kidney  "  deposits  were  exploited,  and  hand-sorted  ore  was  shipped. 
One  attempt  was  rtiade  to  smelt  the  ore  on  the  property,  but  all  efforts 
proved  that  with  such  methods  competition  could  not  be  met. 

It  is  difficult  to  estimate  the  amount  of  available  antimonv,  but  in 
the  dumps  of  the  old  prospects  and  in  the  tunnels  there  is  a  great 
amount  of  low-grade  ore  in  sight.  The  problem  is  how  to  handle  the 
material  economically.  Toward  this  end  a  modem  concentrating  mill 
has  been  erected  and  it  is  proposed  to  make  star  metal  on  the  property. 


(lAMOTITE  AND  ASSOCIATED  MINERALS  IN  WESTERN 

ROUTT  COUNTY,  COIO. 


By  HoYT  S.  Gale. 


•       INTRODUCTION. 

In  a  short  paper,  published  about  a  year  ago,  the  author  described 
an  occurrence  of  carnotite  at  a  locality  on  Coal  Creek,  in  eastern  Rio 
Blanco  County,  Colo.*  During  the  summer  of  1907,  while  engaged 
in  a  further  reconnaissance  in  the  northwestern  part  of  the  same 
State,  he  found  opportunity  to  examine  another  occurrence  of  the 
same  mineral  in  Routt  County,  in  a  locality  about  60  miles  in  a  direc- 
tion a  little  north  of  due  west  from  the  prospects  previously  described. 
The  Routt  County  deposits  are  said  to  have  been  known  some  time 
previous  to  the  discovery  of  those  at  the  Coal  Creek  locality.  They 
are  situated  at  the  southern  foot  of  Blue  Mountain  (known  as  Yampa 
Plateau  on  the  early  maps  of  the  region),  about  18  miles  due  east 
from  the  Colorado-Utah  boundary.  The  prospects  visited  lie  along 
the  summit  and  flanks  of  the  highest  hogback,  about  2  miles  west  of 
Skull  Creek,  which  is  the  main  east  fork  of  Red  Wash.  A  number  of 
claims  have  been  staked  there  and  some  prospecting  has  been  done 
along  a  narrow  strip  of  land  adjacent  to  the  sandstone  hogback  in 
which  the  ores  occur.  This  strip  extends  from  east  to  west  through 
the  northern  tier  of  40-acre  tracts  in  sec.  35,  T.  4  N.,  R.  101  W.,  of  the 
resurvey  of  that  part  of  Colorado,  and  the  prospects  are  said  to  extend 
beyond  these  limits  along  the  outcrop  of  the  same  group  of  strata. 
These  prospects  are  mentioned  in  a  recent  report  of  the  Colorado 
State  Bureau  of  Mines,  and  analyses  of  some  of  the  ores  are  given 
there.^ 

This  group  of  claims  is  of  interest  as  furnishing  another  instance 
of  the  occurrence  of  these  rare  minerals,  and  especially  as  Dr.  Hille- 
brand  has  discovered  the  presence  of  a  selenite,  presumably  of  cop- 
per, in  some  of  the  ores  collected.    The  deposits  are  also  interesting 

•  Carnotite  in  Rio  Blanco .  County,  Colo. ;  Bull.  U.  S.  Geol.  Survey  No.  315,  1907,  pp. 
110-117. 

*  Report  for  1905-6,  Denver,  Colo.,  1908. 

47076— Bull.  340—08 17  *      257 


258        CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1907,  PART  I. 

on  account  of  the  remarkable  simplicity  of  the  structural  and  strati- 
graphic  relations  of  the  beds  containing  the  ores.  The  Blue  Mountain 
deposits  are  essentially  similar  to  those  on  Coal  Creek,  and  the  de- 
scription of  the  geology  of  the  former  in  the  present  paper  will  serve 
by  comparison  as  a  convenient  means  of  correcting  a  misapprehension 
derived  from  the  tentative  conclusions  of  the  former  observations.  As 
explained  in  another  paragraph  it  is  now  recognized  that  the  deposits 
at  both  places  occur  in  rocks  of  Jurassic  age,  which  are  therefore  older 
than  the  Dakota  formation. 

STRUCTURE. 

The  ores  occur  in  the  steeply  tilted  ledges  at  the  southern  foot  of 
Blue  Mountain.  This  locality  is  on  the  southern  flank  of  a  domal 
flexure  or  uplift  which  has  been  described  in  the  early  surveys  as  the 
Midland  uplift.  This  name  is  derived  from  that  of  Midland  Ridge, 
the  northern  border  of  the  same  structural  feature,  now  represented 
by  a  high  and  very  conspicuous  escarpment,  partly  surrounding  and 
inclosing  an  interior  basin  eroded  along  a  portion  of  the  main  axis  of 
the  uplift. 

The  principal  axis  of  the  Midland  uplift  lies  in  an  east- west  direc- 
tion. It  pitches  sharply  and  terminates  near  the  State  line  on  the 
west  and  continues  eastward  for  30  miles  or  more.  At  the  upper  val- 
ley of  Wolf  Creek  the  axis  bends  southward,  and  pitchmg  also  in  that 
direction  crosses  White  River  at  the  mouth  of  Wolf  Creek,  where  it  is 
lost  in  the  flat-lying  strata  of  the  plateau  ridges  to  the  south. 

STRATIGRAPHY. 

The  rocks  in  which  the  carnotite  and  associated  minerals  are  found 
are  of  Jurassic  age.  The  discovery  of  determinative  fossils,  notably 
in  one  of  the  prospect  pits  from  which  the  ore  itself  has  been  obtained, 
is  considered  to  have  definitely  established  this  point.*  The  rock  in 
which  the  ore  occurs  is  a  coarse  white  sandstone,  exceedingly  massive 
and  of  great  thickness.  The  deposits  occur  in  the  upper  massive  beds 
of  the  sandstone  group.  The  chief  distinguishing  feature  of  this 
sandstone  is  its  amazing  development  of  cross-bedding  or  false- 
bedding  structure.  This  character  continues  to  the  same  remarkable 
extent  as  far  as  the  formation  has  been  traced.  Measurements  give  the 
thickness  of  this  formation  near  the  carnotite  prospects  as  approxi- 
mately 800  feet.  It  is  divided  about  midway,  below  the  horizon  of  the 
camotite-bearing  strata,  by  a  small  group  of  clay  beds  of  a  brilliant 
red  color  resembling  that  of  the  much  thicker  series  of  red  clay  and 

<>The  fossils  were  found  in  the  principal  development  here  described.  The -following 
species  were  Identified  by  Dr.  T.  W.  Stanton :  Trigonia  quadrangularia  H.  and  W.,  Tafk* 
oredia  sp.    The  specimens  are  deposited  in  the  Natiomil  Mu9Qum« 
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shales  below.  The  massive  sandstone  ledges  are  relatively  more  re- 
sistant to  erosion  than  any  of  the  adjacent  formations  either  above 
or  below,  and  they  thus  commonly  form  the  highest  summits  or  hog- 
backs, the  adjoining  beds,  where  not  protected  by  them,  being  eroded 
to  lower  valley  lands. 

This  formation  was  mapped  and  described*  as  Triassic  in  age  in  the 
work  of  the  early  Hayden  Survey,  probably  through  lack  of  paleon- 
tologic  evidence.  It  is  clearly  the  same  as  that  described  by  Powell 
under  the  name  White  Cliff  sandstone  in  his  "  Geology  of  the 
Uinta  Mountains."  From  Powell's  descriptions  of  the  continuity  of 
outcrop  of  these  particular  beds  even  as  far  as  southwestern  Colorado 
and  adjacent  parts  of  Utah,  it  seems  very  clear  that  this  formation  is 
the  same  as  that  named  La  Plata  by  Cross  in  his  work  in  that  region. 
It  is  thus  of  the  same  geologic  age  as  the  beds  in  which  the  carnotite 
and  associated  vanadiferous  minerals  are  described  from  various 
localities  farther  south  in  both  Utah  and*  Colorado,  and  it  is  also 
similar  to  these  beds  in  lithologic  character. 

It  is  now  recognized  that  the  Coal  Creek  deposits  are  in  this  same 
formation,  the  stratigraphic  relation  of  the  beds  being  less  evident 
at  that  place.  The  Jurassic  sandstones  were  not  differentiated  from 
the  overlying  Dakota  in  the  former  description. 

The  beds  immediately  underlying  the  white  cross-bedded  Jurassic 
sandstone  consist  of  a  considerable  thickness  of  red  and  brilliantly 
colored  strata,  probably  in  large  part  shale,  containing  limestone  and 
sandstone  layers.  This  thickness  was  found  by  rough  measurement 
to  be  approximately  900  feet  in  the  vicinity  of  the  carnotite  deposits. 
It  is  this  group  that  forms  the  major  part  of  the  escarpment  of  the 
Midland  Ridge,  which  rises  on  the  northern  side  of  the  Midland 
Basin  and  is  a  most  conspicuous  and  extraordinary  feature  of  the 
landscape.  This  great  wall  with  its  banding  in  vivid  red  and  gray 
may  be  seen  from  an  extensive  territory  on  the  south,  to  and  beyond 
the  White  River  valley.  Below  these  "  Red  Beds  "  is  a  second  group 
of  massive  white  sandstones.  The  "  Red  Beds "  and  underlying 
sandstone  probably  range  in  age  from  Triassic  above  to  Carbonif- 
erous below. 

The  series  of  beds  immediately  overlying  the  white  Jurassic  sand- 
stone, which  contains  the  carnotite  deposits,  is  composed  of  a  group 
of  variegated  clays  and  marls  with  some  limestone  layers.  A  few 
layers  of  a  compact,  thoroughly  silicified  conglomerate  also  occur. 
The  colored  shales  ^re  characteristically  of  shades  of  clear  pink  and 
green.  They  occupy  many  bare  wash  banks  or  slopes,  especially 
where  protected  by  some  harder  beds  above,  but  they  give  way  so 
readily  to  erosion  that  in  greater  part  they  lie  in  low  valley  areas 
or  badland  washes.  Marine  Jurassic  fossils  occur  in  these  beds  at 
several  horizons  near  their  base.    The  strata  are  very  clearly  the 
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group  described  by  Powell  as  the  Flaming  Gorge,  and  probably  cor- 
respond in  age  in  their  upper  or  fresh- water  part  to  the  formation 
known  as  Morrison  east  of  the  Rocky  Mountains. 

Above  these  varicolored  shales  there  is  another  group  of  harder 
beds,  consisting  of  conglomerate,  firmly  indurated  sandstone,  and 
interbedded  shales.  This  group  is  commonly  conceded  to  represent 
the  Dakota  formation,  as  recognized  over  an  extensive  territory  in 
this  part  of  the  United  States.  The  Dakota  also  commonly  forms 
hogbacks.  It  underlies  a  great  thickness  of  Upper  Cretaceous  and 
Tertiary  strata. 

NATURE  OF  THE   DEPOSITS. 

The  best  showing  of  the  minerals  was  found  at  the  summit  of  the 
highest  hogback  in  the  NW.  J  NW.  J  sec.  35,  T.  4  N.,  R.  101  W. 
The  bare  rock  ledge  of  which  this  ridge  is  composed  is  somewhat 
difficult  of  access  and  the  prospects  are  .not  easily  found.  The  ores 
observed  were  fragments  and  blocks  thrown  out  upon  the  dump,  and 
also  the  minerals  themselves  in  place  at  the  protected  face  of  the 
deepest  excavated  pit. 

The  ores  present  a  beautiful  display  of  colors.  The  camotite  ap- 
pears to  constitute  a  relatively  small  percentage  of  the  minerals  found. 
It  is  in  the  form  of  a  film  or  thin  crust  of  powdery  or  amorphous 
material  of  bright  canary-yellow  color.  The  carnotite  is  distin- 
guished by  the  chemical  tests  for  uranium  and  vanadium.  The  ore 
contains  also  some  arsenic  in  the  quinquivalent  state.  The  deposit 
as  a  whole  occupies  a  brecciated  zone  in  the  rock,  the  minerals  being 
concentrated  in  or  evidently  distributed  from  the  coarser  joints  or 
more  porous  layers.  To  a  less  extent  some  of  the  minerals  are  found 
impregnating  the  more  massive  sandstone. 

A  yellow  mineral  closely  resembling  the  camotite  in  color  and  ap- 
pearance was  found  in  greater  amount.  This  proved  on  testing  <*  to 
be  a  vanadate  of  copper,  containing  no  uranium  and  therefore  not 
carnotite.  These  two  minerals  are  often  difficult  to  distinguish  with- 
out chemical  tests.  The  vanadate  of  copper  is  found  as  minute  clusters 
or  aggregates  of  folia  or  plates  of  clear  crystalline  appearence,  scat- 
tered over  the  surface  or  jointing  planes  of  the  country  rock.  These 
folia  or  plates  are  somewhat  distinct  from  the  more  amorphous 
camotite  substance,  and  are  also  of  a  darker-greenish  hue.  The  min- 
eral also  occurs,  however,  as  a  powdery  crust  or  impregnation,  when 
its  only  distinction  from  the  uranium-bearing  mineral  is  its  slightly 
darker,  more  greenish  cast.    Doctor  Hillebrand  considers  this  mineral 

»  All  tests  on  the  specimens  described  were  made  by  Dr.  W.  F.  Hillebrand  In  the  chem- 
ical laboratory  of  the  United  States  Geological  Survey. 
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the  same  as  some  light-olive  and  yellowish-green  varieties  collected 
and  described  by  Boutwell  from  deposits  near  Richardson,  in  south- 
eastern Utah.** 

The  most  conspicuous  minerals  present  in  the  prospects  are  ex- 
hibited as  bright-green  stains,  which  penetrate  the  country  rock  to  a 
much  greater  extent  than  either  of  the  yellow  minerals.  These  stains 
have  the  characteristic  color  of  malachite,  the  common  copper  car- 
bonate, and  some  of  the  green  substance  was  proved  on  testing  to  be 
that  mineral.  The  veins  and  rock  containing  malachite  also  show  the 
blue  copper  carbonate,  azurite,  in  lesser  amount,  usually  in  small 
rounded  knots  or  balls.  These  two  minerals  present  the  beautiful  con- 
trast of  green  and  blue  so  commonly  known.  A  considerable  portion 
of  the  green  stain,  however,  especially  that  part  found  most  intimately 
associated  with  the  yellow  copper  vanadate,  proved  to  be  practically 
free  from  all  carbonate  material,  and  as  it  gave  the  reaction  for  sul- 
phates and  to  a  small  extent  for  silicates,  it  is  thought  to  be  composed 
of  those  compounds  of  copper.  It  is  suggested  by  Doctor  Hillebrand 
that  this  substance  is  very  probably  the  basic  copper  sulphate, 
brochantite.  Without  the  acid  test  for  carbonates  or  in  a  mixture  of 
the  two  minerals  malachite  and  brochantite,  it  seems  that  it  would  be 
extremely  difficult  to  detect  even  under  the  microscope  the  difference 
between  them. 

A  most  interesting  discovery  of  the  chemical  tests  has  shown  the 
presence  of  a  copper  selenite  associated  with  the  green  copper  min- 
erals, both  sulphates  and  carbonates.  This  is.  Doctor  Hillebrand  ob- 
serves, the  first  occurrence  noted  of  a  selenite  in  the  United  States. 
It  is  possible  that  the  supposed  selenite  may  be  a  selenate,  but  as 
selenates  have  not  yet  been  discovered  in  nature  it  seems  likely  that 
the  former  class  is  represented. 

Much  of  the  rock  containing  the  basic  copper  sulphate  and  copper 
vanadate  is  speckled  with  small  black  blotches.  These  were  found  to 
contain  manganese  in  peroxide  form  and  also  copper,  perhaps  as  a 
manganite  of  copper,  though  it  is  not  at  all  improbable  that  the  other 
elements  are  present  also. 

In  another  prospect  pit,  about  100  feet  southwest  of  the  prospect 
described  above,  at  the  head  of  a  small  draw  or  gash  eroded  in  the 
face  of  the  bare  rock  ledges  leading  up  from  the  south  side  of  the 
ridge,  the  same  massive  sandstone  rock  was  found  stained  with  a 
green  mineral,  but  without  the  yellow  or  blue  ores.  Tests  of  speci- 
mens of  this  substance  showed  that  it  was  wholly  unlike  either  of 
the  other  two  green  minerals  described  above,  containing  much  chro- 
mium but  no  copper,  vanadium,  nor  uranium.     A  similar  sandstone 


<*  Boutwell,   J.   M.,   Vanadium  and  uranium  in  southeastern  Utah :  Bull.   U.   S.   Geol. 
Survey  No.  260,   1905,  p.  205. 
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is  described  from  the  Montrose  and  San  Miguel  county  .localities," 
where  it  was  thought  to  be  possibly  analogous  to  the  vanadium  mica 
roscoelite,  as  under  the  microscope  it  was  found  to  present  a  chloritic 
appearance.  The  color  is  a  bright  green,  very  similar  to  the  green 
minerals  described  above,  with  perhaps  a  very  slightly  deeper  tinge 
of  blue. 

At  places  near  both  prospects  the  rock  is  stained  with  the  more 
common  iron  deposits  (oxides  and  hydrates),  which  color  it  rusty 
brown  or  ocher-yellow. 

The  deposits  as  a  group  resemble  in  general  character  the  previ- 
ously described  occurrences  of  this  mineral,  both  the  Coal  Creek  de- 
posits and  those  still  farther  south  in  Colorado  and  Utah.  The  asso- 
ciation of  silicified  wood  noted  at  the  Coal  Creek  locality  has  not 
been  found,  the  latter  possibly  being  rather  of  an  accidental  nature 
than  bearing  any  genetic  relation  to  the  deposition  of  the  minerals.^ 
As  stated,  the  minerals  are  very  evidently  mere  crusts  or  coatings,  or 
surficial  impregnations  in  sheared,  brecciated,  and  jointed  zones  in 
the  rock  mass.  These  zones  of  brecciation  evidently  mark  the  path 
of  the  mineralized  solutions  from  which  the  deposits  have  been 
derived. 

The  extent  and  practical  value  of  the  Blue  Mountain  deposits  is 
not  yet  shown  to  be  of  much  importance.  Nowhere  had  development 
work  been  carried  more  than  10  or  15  feet  in  from  the  surface.  At 
none  of  the  prospects  seen  did  there  appear  to  be  any  great  quantity 
of  the  minerals  exposed  by  present  developments.  The  occurrence 
of  the  minerals  is  of  itself  an  interesting  feature,  and  there  is  a  possi- 
bility of  further  discoveries. 

« Hillebrand,   W.   F.,   and  Ransome,   F.   L.,   On   carnotite  and   associated  vanadiferous 
minerals  in  western  Colorado :  Am.  Jour.  Sci.,  4th  ser.,  vol.  10,  1900,  p.  1.34. 
»  Cf.  Boutwell,  J.  M.,  op.  cit.,  p.  209. 


TUNGSTEN  DEPOSITS  IN  THE  SNAKE  RANGE,  WHITE 

PINE  COUNTY,  EASTERN  NEVADA. 


By  F.  B.  Weeks. 


i:N'TR0DUCTI01Sr. 

A  brief  description  of  the  tungsten  deposits  in  the  Snake  Range, 
eastern  Nevada,  was  published  by  the  writer  (2)'*  in  1901,  and  in  1902 
F.  D.  Smith  (6)  published  an  account  of  the  occurrence  and  develop- 
ment of  the  prospects.  In  October,  1907,  the  writer  made  a  more 
detailed  study  of  the  development  at  this  locality  and  the  character 
and  occurrence  of  the  ore  deposition. 

SITUATION. 

In  1900  a  mining  district  was  formed  under  the  name  Tungsten 
mining  district,  embracing  several  square  miles  along  the  western 
slope  of  the  Snake  Range  south  of  Wheeler  Peak  (locally  known  as 
Jeff  Davis  Peak).  This  range  as  an  orographic  feature  begins  about 
25  miles  south  of  this  locality  and  extends  northward  from  its  south- 
em  limit  about  135  miles  between  latitude  38°  and  40°.  It  includes 
the  Deep  Creek  or  Ibanpah  Range  and  the  group  of  connecting  hills 
known  as  "  Kern  Mountains."  This  is  one  of  the  most  extensive  and 
prominent  ranges  between  the  Wasatch  and  the  Sierra  Nevada.  Its 
highest  point,  Wheeler  Peak,  reaches  an  elevation  of  12,000  feet.  (See 
fig.  5,  p.  118.)  In  the  area  of  the  tungsten  prospects  the  surface  of  the 
mountain  slope  is  dissected  by  several  wide,  shallow  gulches  which 
are  dry  except  when  occupied  by  melting  snow  or  storm  watei's. 
There  are  several  small  springs,  but  at  present  the  water  sinks  in  the 
gulch  gravels. 

The  region  is  about  45  miles  southeast  of  the  nearest  railroad  at 
Ely,  Nev.  This  road — the  Nevada  Northern — is  140  miles  long  and 
connects  with  the  Southern  Pacific  Railroad  at  Gobre,  Nev.  The 
wagon  road  to  Ely  is  an  excellent  mountain  road  which  crosses  the 

«  Numbers  in  parenthesis  refer  to  corresponding  numbers  in  "  List  of  recent  publica- 
tions "  at  end  of  this  paper. 
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Schell  Creek  Range  (see  map,  fig.  6)  over  a  comparatively  low  pass 
with  no  very  steep  grades.  Prior  to  September,  1906,  the  outlet 
to  the  railroad  was  via  Osceola  over  the  Snake  Range  to  Newhouse, 
Utah,  a  distance  of  100  miles. 

GEOIiOGY. 

The  rocks  of  the  region  are  granites,  which  may  be  in  part  the  oldest 
rocks;  Cambrian  argillites,  quartzites,  shales,  and  limestones,  and 
an  intrusive  granite  porphyry  which  is  younger  than  any  of  the 
sedimentaries.  Within  the  Tungsten  mining  district  the  only  rocks 
exposed  are  the  granite  porphyry  and  the  quartzites  and  argillites. 

The  granite  porphyry  ranges  from  fine  to  coarse  in  texture  and 
from  light  to  dark  gray  and  red  in  color.  It  occupies  the  lower  part 
of  the  mountain  slope  and  forms  a  portion  of  a  considerable  mass 
which  extends  to  the  northeast  for  several  miles  and  is  exposed  on 
the  eastern  side  of  the  range.  There  seem  to  be  slight  indications 
of  deformation  within  the  eruptive  mass,  and  contact  metamorphism 
is  developed  only  to  a  limited  extent.  Apparently  the  intrusion  took 
place  since  the  formation  of  the  mountain  range.  In  general  char- 
acter and  mode  of  occurrence  this  intrusion  of  granite  porphyry 
resembles  many  intrusive  masses  in  other  parts  of  Utah  and  Nevada. 
Some  of  these  are  known  to  be  post-Carboniferous  and  they  may 
be  of  much  more  recent  occurrence. 

The  base  of  the  sedimentary  rocks  is  not  exposed  in  the  Tungsten 
mining  district.  Only  a  small  area  of  purplish  argillite  is  exposed 
in  the  northwest  corner  of  the  district,  overlain  by  100  to  200 
feet  of  quartzite.  The  quartzites  are  gray,  blue,  and  purple,  the 
gray  quartzite  forming  the  larger  part  of  the  series.  The  strata 
are  cut  by  many  quartz  veinlets  which  are  probably  of  secondary 
origin,  formed  during  the  silicification  of  the  original  sandstone. 
The  rocks  are  fine  grained  and  the  alteration  by  silicification  is  very 
complete.  In  thickness  the  beds  range  from  a  few  inches  to  2  feet. 
The  argillite  is  a  compact  purple  rock  in  rather  thick  layers.  In 
this  area  it  is  little  altered,  but  in  other  parts  of  this  region  the 
process  of  metamorphism  has  progressed  much  farther  and  the  rock 
has  been  called  "  silvery  slate." 

GEOIiOGIC    STRUCTURE. 

The  Snake  Range  in  this  region  is  a  quaquaversal  dome,  having 
its  center  near  Wheeler  Peak.  Subsequent  to  the  uplift  there  was 
an  intrusion  of  a  considerable  mass  of  igneous  rocks  that  tilted  the 
beds  to  a  high  angle  in  some  parts  of  the  region  and  displaced  them 
in  others.  The  steep  southerly  dips  in  Wheeler  Peak  and  the  high 
ridges  to  the  south  flatten  to  25°  in  the  Tungsten  district.     North 
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of  Wheeler  Peak  the  fold  has  been  broken  by  several  northeast- 
southwest  faults  of  considerable  displacement,  the  beds  having  a 
northeast-southwest  strike  and  dipping  45°  NW. 

Tn  the  area  shown  on  the  map  the  metamorphism  and  deformation 
which  accompanied  the  intrusion  are  not  so  extensive  as  in  other 
parts  of  the  region. 

VEINS. 
GENERAL  DESCRIPTION. 

The  veins  carrying  the  tungsten  ore  are  not  vertical,  but  pitch  to 
the  northwest  or  southeast  at  varying  angles,  ranging  from  55°  to 
75°,  the  general  direction  being  northeast  and  southwest.  The  actual 
outcrop  is  usually  limited  to  a  few  feet.  From  the  close  proximity 
of  some  of  the  veins  it  might  be  considered  that  they  are  branches 
from  a  main  vein,  but  neither  outcrops  nor  underground  workings 
have  shown  this  to  be  the  case.  In  some  places  the  vein  splits  into 
several  narrow  veins  separated  by  the  country  rock.  Their  occur- 
rence is  irregular  and  from  the  debris  it  appears  probable  that  there 
are  veins  now  covered  by  "  slide  rock."  In  width  they  range  from 
a  few  inches  to  ?  feet.  The  composition  of  the  vein  material  is  essen- 
tially quartz  and  hiibnerite,  with  here  and  there  a  little  fluorite,  pyrite, 
and  scheelite.  The  quartz  is  compact  and  cQntains  no  pores,  vugs, 
or  honeycombed  areas.  A  few  assays  have  been  made  which  show 
the  presence  of  gold  and  silver,  but  the  amount  is  small  and  no 
attempt  has  been  made  to  recover  it.  Well-defined  walls  are  of  com- 
mon occurrence,  but  they  are  not  persistent. 

OCCURRENCE  OF  THE  TUNGSTEN  ORES. 

The  hiibnerite  occurs  irregularly  through  the  vein  material.  In 
some  places  there  has  been  a  concentration  of  the  ore  near  the  walls. 
Hiibnerite  crystals,  varying  in  size  and  completely  surrounding  the 
quartz  crystals,  and  also  quartz  crystals  inclosing  the  hiibnerite,  are 
abundant.  The  greater  part  of  the  ore  is  disseminated  in  fine  grains 
through  the  quartz  or  in  irregular  massive  bodies.  Where  the  veins 
pinch  to  a  few  inches  in  width  the  hiibnerite  occurs  in  thin  stringers 
or  is  interlaminated  with  Ihe  quartz.  No  wolframite  has  yet  been 
determined  from  this  region.  In  1901  Dr.  W.  F.  Hillebrand  made 
a  qualitative  test  of  two  or  three  specimens  from  the  principal  vein 
which  showed  the  ore  to  be  hiibnerite.  Scheelite  has  been  found  very 
sparsely  disseminated  in  zones  which  appear  to  indicate  shearing. 
It  occurs  in  small  flakes  instead  of  the  usual  granular  or  massive 
forms. 
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EXTENT  OF  MINERALIZATION. 

There  appears  to  be  a  general  consensus  of  opinion  among  pros- 
pectors and  others  interested  in  tungsten  deposits  that  these  ore- 
bearing  veins  do  not  extend  in  depth.  No  workings  have  thus  far 
been  put  down  which,  determine  this  point.  It  may  be  true  that 
some,  possibly  most,  of  the  individual  veins  do  not  extend  to  great 
depths.  In  considering  the  question  of  depth,  however,  it  should 
be  remembered  that  in  this  region  the  intrusive  mass  is  a  part  of  a 
magma  of  unknown  depth,  which  has  been  forced  through  a  con- 
siderable thickness  of  sedimentary  strata.  In  the  area  under  dis- 
cussion erosion  has  removed  at  least  300  feet  from  the  upper 
part  of  the  principal  vein.  In  the  light  of  present  knowledge  of 
veins  of  this  kind  it  seems  probable  that  there  may  be  ore-bearing 
veins  within  the  igneous  mass  which  have  not  yet  been  exposed  by 
erosion. 

ORIGIN  OF  THE  VEINS. 

The  magma  which  intruded  the  sedimentary  strata  probably 
cooled  entirely  beneath  the  surface  and  is  now  exposed  by  erosion 
as  a  body  of  granite  porphyry.  Before  complete  consolidation  the 
magma  was  subjected  to  strains  which  produced  cracks  and  fissures. 
These  fissures,  varying  in  width  and  vertical  extent,  were  distribu- 
ted irregularly  through  a  portion  of  the  rock,  but  in  the  main  strike 
in  a  nearly  uniform  direction.  The  latest,  phase  of  consolidation 
consisted  in  the  deposition  of  the  fissure  filling  by  magmatic  waters 
carrying  in  solution  silica  and  a  small  amount  of  certain  rare  metals. 

MINING  DEVEIiOPMENTS. 

About  30  claims  have  been  located  within  the  Tungsten  mining 
district,  and  at  present  all  of  them  are  controlled  by  the  Tungsten 
Mining  and  Milling  Company. 

The  principal  underground  workings  are  on  the  Hub  claim  (No.  1 
on  map,  fig.  13).  Tunnel  No.  1  (fig.  13)  is  225  feet  in  length,  and  the 
face  is  125  feet  below  the  surface,  which  forms  the  deepest  working 
on  any  of  the  veins.  At  150  feet  from  the  mouth  of  the  tunnel  an 
upraise  has  been  made  to  join  an  incline  from  the  surface.  In  this 
tunnel  nearly  all  the  various  features  ddfecribed  under  the  headings 
"  Veins  "  and  "  Occurrence  of  the  tungsten  ore  "  are  exhibited.  The 
vein  ranges  from  a  few  inches  to  3  feet  in  width,  strikes  N.  68*^  E., 
and  dips  65°  NW.  Present  developments  show  that  this  is  the 
largest  and  most  prominently  mineralized  vein  in  the  region.  Tun- 
nel No.  2  is  about  125  feet  vertically  above  No.  1  and  is  59  feet  in 
length.  This  portion  of  the  vein  is  split  into  four  parts,  separated 
by  the  granite  porphyry.  There  is  about  18  inches  of  streaky  ore 
in  the  fa^e  of  this  tunnel.    Shaft  No.  1  is  37  feet  in  depth.    Near 
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the  surface  the  vein  is  pinched,  but  about  midway  of  the  shaft  it 
is  about  3  feet  wide.  Shaft  No.  2  shows  the  vein  about  30  inches  in 
width,  with  a  small  amount  of  ore.  In  the  face  of  the  tunnel  near 
shaft  No.  2  the  vein  is  24  inches  wide,  with  ore  in  streaks. 


On  the  slope  below  the  outcrop  of  this  vein  several  tons  of  ore, 
which  was  reported  to  average  about  68  per  cent  of  tungstic  acid, 
were  picked  up  among  the  "  slide  rock  "  and  shipped  before  under- 
ground  work   was  begun.     Grains   of   hiibnerite   are   disseminated 
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through  the  finer  material  of  the  slope  and  the  bottoms  of  the  gulches. 
Considerable  ore  has  also  been  gathered  from  time  to  time  and  added 
to  the  dumps. 

The  development  work  on  the  Tungsten  claim  (No.  3  on  map) 
consists  of  two  tunnels  and  a  shaft.  On  the 'Wolf ramite  and  Great 
Eastern  claims  (Nos.  4  and  5  on  map)  are  several  small  trenches 
«Kposing  narrow  veins  with  ore.  On  the  Eagle  claim  (No.  7  on 
BBi^p),  just  below  the  contact  of  the  granite  porphyry  and  quartzite, 
i^e  vein  is  exposed  in  a  trench,  standing  nearly  vertical  and  striHiig 
N.  40°  E.  Hiibnerite  with  a  small  amount  of  scheelite  is  found 
here.  In  the  quartzite  debris  it  was  found  that  small  veinlets  of 
quartz  penetrate  the  quartzite,  a  few  of  them  carrying  a  little  hiibner- 
ite. It  is  probable  that  this  ore  occurs  near  the  contact  zone.  The 
region  is  said  to  have  been  thoroughly  prospected  and  very  little 
material  of  this  kind  has  been  found  in  the  quartzite,  which  therefore 
seems  unlikely  to  yield  a  deposit  of  commercial  importance. 

In  the  Side  Issue  claim  (No.  2  on  map),  on  the  south  side  of  Hub- 
nerite  Gulch,  a  mineralized  vein  is  exposed  in  a  10-foot  cut  pitching 
80°  S.  and  striking  N.  45°  E.  On  the  lower  side  of  the  cut  the  vein 
is  2  feet  wide  and  it  is  said  that  from  this  place  a  piece  of  solid  hiib- 
nerite was  taken  weighing  114  pounds.  On  the  upper  side  of  the  cut 
the  vein  is  split  into  two  6-inch  veins  separated  by  4  feet  of  granite 
porphyry.  In  the  bottom  of  the  gulch  these  veins  have  pinched  to 
a  thickness  of  3  inches  each.  The  country  rock  is  a  coarse-grained, 
light-colored  porphyry  which,  it  is  said,  can  be  worked  more  easily 
than  the  rock  in  other  parts  of  the  district. 

On  the  Tungstic  claim  (No.  9  on  map)  is  a  4-foot  vein  striking  N. 
65°  E.  which  shows  very  little  ore.  About  50  feet  above  is  a  3-foot 
quartz  vein  in  which  no  ore  was  seen. 

In  the  ridge  west  and  a  little  north  of  the  Hub  claim  a  hiibnerite- 
bearing  vein  is  exposed  in  several  places.  Several  small  veins  appear 
to  extend  in  a  direction  about  N.  60°  E. 

The  Star  claim  (No.  8  on  map)  is  developed  by  a  tunnd  32  feet 
long  in  which  the  vein  ranges  from  6  inches  to  2  feet  in  thickness, 
pitching  55°  SE.  and  striking  N.  30°  E.  In  this  tunnel  scheelite  as- 
sociated with  hiibnerite  occurs  in  larger  quantity  than  in  any  other 
known  locality  in  the  district.  About  55  feet  and  70  feet  south  of 
this  vein  are  two  hiibnerite-bearing  veins  striking  N.  42°  E.  The 
country  rock  is  granite  porphyry  of  a  more  pronounced  reddish  color 
than  in  other  parts  of  the  area.  A  short  distance  north  of  the  tunnel 
a  1-foot  vein  striking  N.  42°  E.  and  showing  considerable  hiibnerite 
is  exposed  in  a  shallow  trench. 
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METHODS  OF  MINING. 


p-jK*.-. 


*rhe  vein  material  is  exceedingly  hard  and  difficult  to  mine.  Drills 
quickly  become  dulled  and  the  rock  does  not  shoot  well.  The  work 
is  all  done  by  hand  labor  and  tunneling  is  said  to  cost  nearly  $30 
per  running  foot.  At  present  it  would  appear  advisable  to  develop 
the  vein  by  open  cuts  at  different  levels  with  a  steel-lined  shoot  on 
the  surface  on  each  side — one  to  care  for  the  waste  and  the  other  for 
the  ore.  A  much  larger  amount  of  material  would  be  dislodged  by 
each  shot  than  when  confined  in  a  tunnel  or  shaft.  There  would  be 
no  expense  for  hoisting  and  there  would  always  be  good  light  for 
sorting.  In  handling  the  material  care  should  be  taken  to  save  the 
fines,  as  a  considerable  part  of  the  hiibnerite  occurs  in  grains 
disseminated  through  the  quartz.  The  scheelite  also  is  likely  to  be 
thrown  away  in  the  waste  on  account  of  its  general  resemblance  to 
quartz. 

On  account  of  the  large  percentage  of  waste  a  considerable  amount 
of  hand  sorting  is  necessary.  After  crushing,  the  hiibnerite  is  easily 
separated  from  the  quartz.  A  hand-made  jig,  operated  by  horse- 
power, was  used  and  afterwards  replaced  by  a  5-horsepower  gasoline 
engine. 

SUMMARY. 

The  occurrence  and  character  of  the  vein  material  vary  so  much 
within  a  few  feet  that  the  depth  and  width  of  the  veins  and  the 
amount  of  hiibnerite  can  not  be  estimated.  Nature  has,  however, 
done  much  to  assist  in  determining  the  other  factors  which  affect  the 
commercial  value  of  these  deposits.  Several  springs  of  small  flow 
occur  at  a  considerable  elevation  above  the  natural  location  for  a 
concentrating  plant  and  their  combined  flow  would  be  sufficient  for 
milling  purposes.  Williams  Creek  has  an  estimated  flow  of  700 
cubic  feet  per  minute  and  would  furnish  power  to  generate  electricity 
for  a  mill  and  drilling  purposes.  There  is  still  sufficient  timber  on 
the  higher  mountain  slopes  to  furnish  mine  timbers.  The  lower 
slopes  are  covered  in  spots  with  mountain  mahogany,  which  makes  a 
good  domestic  fuel.  There  are  ranches  in  the  valley  which  could 
furnish  general  supplies.  Railroad  facilities  are  now  at  a  consider- 
able distance,  but  surveys  have  been  made  for  a  railroad  to  connect 
Ely  with  southwestern  Nevada  and  Salt  Lake  to  the  northeast.  One 
of  these  surveyed  lines  crosses  the  Schell  Creek  Range  into  Spring 
Valley  opposite  Osceola,  about  20  miles  north  of  the  Tungsten  min- 
ing district. 
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NOTE  ON  A  TUNGSTEN-BEARING  VEIN  NEAR 

RAYMOND,  CAL 


By  Frank  L.  Hess. 


On  the  I.  X.  L.  claim,  located  in  the  foothills  of  the  Sierra  Nevada 
about  12  miles  north  of  Raymond,  Madera  County,  Cal.,  a  small 
amount  of  wolframite  has  been  found  in  a  vein  which  had  been  lo- 
cated for  a  copper  property.  The  claim  was  visited  by  the  writer  in 
December,  1906. 

The  country  rock  is  an  andalusite  mica  schist,  in  which  the  andalu- 
site  is  considerably  crushed  and  altered.  Numerous  large,  parallel, 
nearly  vertical  quartz  veins  cut  the  inclined  schists  and  stand  out 
prominently  from  the  weathered  surfaces,  forming  the  summits  of 
some  of  the  hills.  There  are  many  copper  stains  in  the  rocks,  and 
some  ore  is  being  mined  from  neighboring  claims.  Alongside  the 
road  are  the  ruins  of  an  old  smelter  which,  to  judge  from  the  rem- 
nants lying  around,  evidently  ran  on  the  oxidized  copper  ores  many 
years  ago. 

No  copper  st?iining  was  seen  upon  this  particular  vein,  which  is 
from  4  to  16  inches  wide  where  exposed.  The  vein  is  composed  of  a 
glassy  quartz  in  which  bunches  of  wolframite  up  to  2  or  3  pounds  in 
weight  were  found.  At  a  depth  of  40  feet  the  vein  pinched  out  en- 
tirely, though  it  could  probably  be  picked  up  again  by  following 
down  along  the  evident  fault  coincident  with  its  dip.  Only  a  small 
amount  of  wolframite,  probably  200  or  300  pounds,  is  said  to  have 
been  taken  out.    Pyrite  is  an  accessory  mineral. 
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MOMZITE  DEPOSITS  OF  THE  CAROLINAS. 


By  Douglas  B.  Sterrett. 


INTRODUCTION. 

Monazite  has  earned  a  prominent  place  in  the  commercial  world 
through  the  rare-earth  metal,  thorium,  which  it  carries  as  an  acces- 
sory constituent.  As  a  source  of  cerium  and  other  rare-earth  metals 
also,  monazite  is  of  great  interest  to  chemists.  In  composition  it  is 
essentially  an  anhydrous  phosphate  of  cerium,  praseodymium,  neo- 
dymium,  and  lanthanum  in  which  thoria  and  silica  are  present  in 
variable  amounts.  The  amount  of  thoria  in  monazite  ranges  from 
less  than  1  to  20  per  cent  or  more,  but  its  average  amount  in  mona- 
zite obtained  for  commercial  purposes  varies  between  3  and  9  per  cent. 

Though  sometimes  found  in  large  crystals  and  masses  of  many 
pounds'  weight,  monazite  for  economic  purposes  is  obtained  in  the 
form  of  sand,  occurring  in  opaque  to  translucent  and  in  some  cases 
transparent  grains  and  crystals.  Monazite  ranges  in  color  mainly 
from  light  yellow  to  reddish  yellow  and  brown ;  some  of  it  is  green- 
ish. The  freshly  broken  and  unaltered  mineral  has  a  resinous  to 
adamantine  luster,  which  is  especially  marked  on  the  cleavage  faces. 
The  mineral  is  brittle  and  has  a  hardness  of  5  to  5.5.  It  can  readily 
be  crushed  between  the  teeth  and  yields  a  soft  grit,  quite  distinct 
from  the  harder  minerals  sometimes  mistaken  for  it.  The  specific 
gravity  ranges  from  4.9  to  5.3,  and  is  generally  over  5. 

The  principal  use  made  of  the  thoria  extracted  from  monazite  is  in 
the  manufacture  of  incandescent  mantles  for  gas  lighting.  These 
mantles  are  made  by  immersing  sections  of  a  cotton  gauze  or  netting, 
woven  in  tubular  form,  in  a  saturated  solution  of  the  salts  of  certain 
rare  earths.  The  composition  of  this  mixture  of  salts  used  by  dif- 
ferent manufacturers  is  kept  secret,  but  it  is  said  to  contain  thorium 
largely  in  excess  of  the  other  constituents.  The  sections  of  the  tubes 
are  then  dried  after  one  end  has  been  drawn  in  to  the  form  of  a  mantle 
by  a  platinum  wire.  When  dry,  the  organic  matter  of  the  cotton  is 
burned  off  and  the  mantle  is  saturated  with  some  form  of  wax,  which 
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holds  it  in  shape  during  shipment  and  is  readily  burned  off  when  it 
is  set  up  for  use. 

The  production  of  monazite  in  the  United  States  for  commercial 
purposes  has,  up  to  the  present  time,  come  entirely  from  North  and 
South  Carolina.  The  occurrence  of  the  mineral  and  the  development 
of  the  industry  in  these  States  have  been  described  in  reports  by 
Henry  B.  C.  Nitze,<»  Joseph  Hyde  Pratt,*  L.  C.  Graton,«  and  the 
writer.** 

The  value  of  the  production  of  monazite  from  the  Carolinas  is  small 
compared  with  that  of  the  more  important  minerals  produced  in  the 
United  States.  The  benefit  to  the  region  in  which  the  monazite  is 
mined,  however,  has  been  considerable.  During  the  five  years  1902 
to  1906  there  was  produced  in  the  Carolinas  about  3,612,692  pounds 
of  crude  monazite,  valued  at  $530,866.  This  includes  a  small  quantity 
of  zircon  and  tantalum  minerals.®  In  1906  the  production  was  about 
846,175  pounds  of  sand  carrying  80  per  cent  of  monazite.  The  value 
of  this  sand  was  $152,312,  corresponding  to  a  price  of  18  cents  per 
pound.  During  1907  the  activity  in  mining  was  not  so  great  as  in 
the  two  previous  years,  and  the  price  paid  for  80  or  90  per  cent  mona- 
zite sand  was  as  low  as  10  to  12  cents  per  pound. 

The  present  paper  is  intended  to  furnish  general  information  on 
monazite,  including  a  description  of  the  deposits  in  the  Carolinas  and 
of  the  occurrence  of  the  mineral  in  them,  with  a  discussion  of  their 
bearing  on  its  origin.  The  data  used  were  obtained  during  brief 
visits  to  different  parts  of  the  region  during  the  last  five  years  and  a 
more  detailed  study  of  the  formations  in  the  southeastern  part  of  the 
Morganton  quadrangle.  North  Carolina,  during  the  field  seasons  of 
1906  and  1907. 

Acknowledgment  is  here  made  for  the  courtesy  and  general  infor- 
mation received  from  the  various  operators  in  the  monazite  field. 
Among  these  are  Mr.  George  L.  English,  of  the  National  Light  and 
Thorium  Company;  Mr.  W.  F.  Smith  and  Mr.  M.  E.  Gettys,  of  the 
Carolinas  Monazite  Company ;  Mr.  Hugh  Stewart,  formerly  of  the 
British  Monazite  Company ;  and  Mr.  Herman  Wanke,  of  the  German 
Monazite  Company.  Further  acknowledgment  is  made  to  Mr.  A. 
Keith  for  valuable  criticism. 

<*  Monazite  and  monazite  deposits  in  North  Carolina :  Bull.  North  Carolina  Geol.  Survey 
No.  9,  1895. 

*  Monazite :  Mineral  Resources  U.  S.  for  1901  to  1905,  U.  S.  Geol.  Survey,  1902  to  1906. 
Also  Mining  industry  in  North  Carolina,  an  annual  publication  of  North  Carolina  Geol. 
Survey,  1901,  1903,  1904,  and  1905. 

*>  Gold  and  tin  deposits  of  the  southern  A(^)alachians :  Bull  U.  S.  Geol.  Survey  No.  293, 
1906,  pp.  116-118. 

*  Monazite :  Mineral  Resources  U.  S.  for  1906,  U.  S.  Geol.  Survey,  1907. 
"  Sterrett,  D.  B.,  op.  cit.,  p.  1208. 
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GEOGRAPHY. 

Geographically,  the  area  in  which  deposits  of  monazite  of  com- 
mercial value  have  been  found  lies  in  the  central  portion  of  western 
North  Carolina  and  in  the  extreme  northwestern  part  of  South 
Carolina.  Fig.  14  shows  the  area  containing  monazite  deposits  of 
known  commercial  value.  This  area  covers  about  8,500  square  miles 
and  includes  part  or  all  of  Alexander,  Iredell,  Caldwell,  Catawba, 
Burke,  McDowell,  Gaston,  Lincoln,  Cleveland,  Rutherford,  and 
Polk  counties  in  North  Carolina,  and  Cherokee,  Laurens,  Spartan- 
burg, Greenville,  Pickens,  Anderson,  and  Oconee  counties  in  South 
Carolina.  The  larger  towns  within  or  near  the  monazite  region  are 
Statesville,  Hickory,  and  Shelby  in  North  Carolina,  and  Gaffney, 
Spartanburg,  and  Greenville  in  South  Carolina.      The  appearance 


of  Alexander  County,  N.  C,  in  the  list  of  counties  with  valuable 
monazite  deposits  is  the  result  of  orospecting  by  mining  companies 
during  1907. 

PHYSIOGRAPHTf . 

Physiographically,  North  and  South  Carolina  are  divided  into 
three  parts.  These  are  the  Coastal  Plain,  extending  from  the  Atlantic 
Ocean  northwestward  for  100  to  150  miles;  the  Piedmont  Plateau, 
extending  from  the  limits  of  the  Coastal  Plain  northwestward  for 
100  to  130  miles  to  the  foot  of  the  Blue  Ridge;  and  the  mountain 
i-egion,  extending  northwestward  from  the  Piedmont  Plateau  to  the 
State  lines.  The  Coastal  Plain  and  the  Piedmont  Plateau  are  prom- 
inent in  both  States,  but  only  North  Carolina  contains  a  large  portion 
of  the  mountain  area. 
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The  Coastal  Plain  is  a  broad,  nearly  flat  stretch  of  country  rising 
from  sea  level  on  the  southeast  to  an  elevation  of  a  few  hundred  feet 
on  the  northwest,  in  which  direction  it  is  practically  limited  by  the 
boundaries  of  the  rock  formations  of  which  it  is  composed.  The  Pied- 
mont Plateau  is  an  elevated  district  rising  from  a  few  hundred  feet 
above  sea  level  on  the  southeast  to  1,200  or  1,500  feet  on  the  north- 
west. It  forms  a  plateau  much  dissected  by  valleys  from  50  to  200 
or  300  feet  deep,  and  its  regularity  is  further  disturbed  by  scattered 
mountain  peaks  and  smaller  hills  rising  above  its  general  level.  The 
features  of  the  plateau  are  best  observed  from  a  prominent  ridge  or 
one  of  the  smaller  hills  of  the  region.  In  the  mountain  region  are 
included  the  Blue  Ridge  and  its  foothills,  and  the  higher  mountains 
to  the  northwest.  The  country  in  the  mountain  region  is  exceedingly 
rough,  and  the  elevations  range  from  1,500  to  over  6,500  feet. 

The  region  in  which  valuable  deposits  of  monazite  have  been  found 
may  be  defined  as  a  belt  from  20  to  30  miles  wide  and  over  150  miles 
long.  (See  fig.  14.)  This  belt  lies  wholly  within  the  Piedmont 
Plateau  and  borders  closely  on  the  Blue  Ridge,  to  whose  general 
course  it  is  roughly  parallel. 

GKOIiOGY. 

FORMATIONS. 

The  most  important  rocks  of  the  monazite  belt  are  gneisses  and 
schists.  These  include  the  Carolina  gneiss,  the  Roan  gneiss,  and 
gneissoid,  porphyritic,  and  massive  granites.  Other  rocks  are  peg- 
matite, peridotite  and  allied  rocks,  quartz  diorite,  and  diabase.** 

The  oldest  formation  in  the  monazite  region  is  of  Archean  age 
and  is  called  the  Carolina  gneiss.  It  is  the  most  extensive  formation 
and  appears  in  nearly  every  section.  The  composition  and  structure 
of  the  Carolina  gneiss  are  varied.  The  most  common  types  are  mica, 
garnet,  cyanite,  and  graphite  gneisses  and  schists,  or  combinations 
of  two  or  more  of  these  types.  These  rocks  range  in  color  from  light 
gray  to  dark  gray,  and  in  many  places  where  graphite  is  abundant  in 
them  have  a  light  bluish-gray  to  bluish-black  cast.  Some  of  the 
gneisses  and  schists  are  fine  grained  and  are  composed  of  several  dis- 
tinguishing minerals,  as  biotite,  muscovite,  cyanite  in  fine  needles, 
and  graphite,  besides  fine  grains  of  quartz  and  other  minerals ;  other 
rocks  are  composed  of  the  same  minerals  in  coarser  grains  or  flakes. 
Garnet  appears  m  both  fine  and  coarse  grained  gneisses  and  schists 
and  may  be  fairly  large,  even  in  the  rocks  of  finer  grain.  The  pres- 
ence of  much  pegmatitic  material  is  a  characteristic  feature  of  the 
Carolina  gneiss. 

« 

<*  The  formation  names  used  in  the  description  of  these  rocks  are  taken  from  Keith,  A., 
Geologic  Atlas  U.  S.,  folios  116  (Asheville),  124  (Mount  Mitchell),  and  147  (Pisgah), 
and  others. 


276        CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1907,  PART   I. 

The  Roan  gneiss  is  the  next  oldest  formation  in  the  region  and  is 
also  of  Archean  age.  It  consists  of  hornblende  gneiss  and  schist,  with 
here  and  there  the  less  metamorphosed  phase,  diorite.  The  horn- 
blende gneiss  and  schist  are  nearly  black  to  dark  green  in  color,  and 
are  composed  chiefly  of  small  interwoven  and  matted  hornblende 
crystals.  These  hornblendic  rocks  grade  into  diorite,  which  is  also 
dark  colored  but  contains  a  noticeable  amount  of  feldspar  and  has  a 
granitoid  texture.  Bands  of  mica  gneiss  or  schist  are  included  in 
many  both  large  and  small  masses  of  Roan  gneiss.  This  formation 
is  prominent  along  the  northwest  side  of  the  monazite  belt,  through- 
out its  length.  In  the  central  and  more  eastern  portions,  however, 
it  is  of  less  importance  and  in  many  places  does  not  appear  at  all. 

The  age  of  many  of  the  granites  and  granite  gneisses  has  not  been 
determined,  though  a  part  are  probably  Archean.  In  importance, 
granite  and  its  different  phases  are  second  and  are  particularly 
prominent  in  many  localities  where  extensive  monazite  deposits  have 
been  found.  In  composition  the  granite  may  be  biotitic,  muscovitic, 
or  hornblendic;  its  texture  may  be  porphyritic,  massive,  gneissic,  or 
schistose.  Where  both  porphyritic  and  schistose  the  feldspar  pheno- 
crysts  generally  assume  an  augen  form,  caused  by  crushing  and 
elongation  in  the  direction  of  shearing.  Some  large  masses  of  granite 
gneiss  have  an  abundant  development  of  small  red  garnets.  The 
occurrence  of  much  quartz  in  veins  and  veinlets  throughout  the  mass 
is  a  characteristic  feature  of  most  of  the  granites  of  this  region. 
Some  of  this  quartz  is  simply  massive ;  at  other  places  it  has  a  more 
or  less  well-defined  crystal  form.  Drusy  surfaces  are  not  uncommon 
on  such  crystals.  The  abundance  of  quartz  veins  is  not  invariably 
confined  to  the  granite  masses,  but  in  numerous  places  extends  some 
distance  from  the  contact  of  the  granite  into  adjacent  formations. 

Pegmatite  is  a  common  rock  throughout  the  monazite  region,  es- 
pecially in  those  areas  where  conunercial  deposits  of  monazite  are 
found.  Two  principal  occurrences  of  pegmatite  are  here  recognized. 
In  one  it  forms  distinct  masses  or  bodies  with  the  typical  composition 
and  texture — that  is,  it  is  composed  of  quartz  and  feldspar,  with  or 
without  mica  and  other  accessory  minerals,  crystallized  out  on  a 
large  scale.  The  other  type  is  a  pegmatized  gneiss,  representing 
the  addition  of  the  pegmatite  minerals  to  the  gneiss,  with  perhaps 
some  recrystallization  of  portions  of  the  inclosing  rocks.  In  some 
places  secondary  quartz  is  the  principal  mineral  added,  while  feld- 
spar appears  in  smaller  quantities.  In  others  the  feldspar  is  more 
prominent,  and  is  prone  to  assume  a  porphyritic  form  in  the  gneiss, 
producing  a  typical  augen  gneiss.  Very  commonly  the  gneisses  and 
schists  are  banded  with  or  cut  at  all  angles  by  streaks  of  pegmatitic 
or  granitic  material.  The  recrystallization  of  the  gneisses  and  schists, 
with  the  development  of  pegmatitic  material  or  the  injection  of  such 
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material'  into  the  rocks,  may  be  called  pegmatization.  In  many 
places  the  process  has  gone  so  far  that  it  is  very  difficult  to  distinguish 
pegmatized  rock  from  granite  gneiss,  and  especially  from  flow-banded 
and  porphyritic  granite  gneiss.  This  difficulty  is  due  partly  to  the 
fact  that  granite  and  pegmatite  are  composed  of  the  same  minerals 
and  have  no  sharp  division  line  between  the  size  of  their  grains. 

The  peridotites  are  dark-green  to  greenish-black  basic  rocks,  con- 
taining one  or  more  of  the  ferromagnesian  minerals  olivine,  pyrox- 
ene, and  in  places  hornblende  as  chief  constituents.  So  far  as  known 
the  peridotites  of  this  region  are  of  Archean  age  and  are  apparently 
genetically  connected  with,  the  Roan  gneiss.  Though  composing  but 
a  very  small  part  of  the  rocks  of  the  monazite  belt,  the  peridotites 
generally  outcrop  prominently  wherever  they  occur,  and  many  out- 
crops are  marked  by  large  rounded  "nigger-head"  bowlders  scat-- 
tered  over  the  surface.  For  the  most  part  the  peridotites  have 
altered  to  talcose  or  chloritic  soapstone  or  to  serpentine.  This  alter- 
ation is,  in  some  places,  only  superficial,  but  in  others  whole  masses 
have  been  so  metamorphosed.  The  usual  form  of  occurrence  of  the 
peridotites  is  in  lens-shaped  bodies  parallel,  or  nearly  so,  to  the 
schistosity  of  the  inclosing  rocks. 

Quartz  diorite  of  undetermined  age  is  one  of  the  less  important 
intrusive  rocks  in  the  monazite  region.  It  is  a  fine-textured  rock, 
composed  of  granular  quartz  and  feldspar  with  more  or  less  horn- 
blende, locally  with  garnet  distributed  promiscuously  through  it. 
The  occurrence  of  quartz  diorite  is  generally  in  small  dikes  ranging 
from  a  few  inches  up  to  several  feet  in  thickness.  The  diminutive 
size  of  these  dikes,  however,  is  offset  by  their  abundance  and  resist- 
ance  to  erosion,  owing  to  which  they  leave  much  debris  over  many  of 
their  outcrops  in  the  form  of  hard  rounded  bowlders. 

Diabase  is  the  latest  intrusive  rock  known  in  the  region  and  is 
probably  of  Triassic  age.  It  is  a  dense,  hard  rock  of  dark-green  to 
black  color,  composed  chiefly  of  olivine  and  a  feldspar  rich  in  lime. 
It  is  rather  abundant  in  places  and  the  outcrop  is  generally  marked 
by  characteristic  spheroidal  "  nigger-head  "  bowlders  scattered  over 
the  surface.  The  diabase  dikes  range  from  a  few  inches  up  to  100 
feet  or  so  in  thickness. 

STRUCTURE. 

The  regional  metamorphism,  with  accompanying  folding  and 
faulting,  of  the  rocks  in  this  area  has  been  extreme.  In  many  places, 
especially  in  the  Carolina  gneiss,  it  is  very  difficult  to  determine  the 
original  nature  of  the  formations,  for  much  of  the  sedimentary  struc- 
ture or  igneous  texture  of  the  rocks  has  been  destroyed  by  mashing 
and  recrystallization.    The  Carolina  gneiss  has  been  intruded  by 
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rocks  of  later  age  and  cut  by  them  into  irregular-shaped  masses, 
many  of  which  fork  out  into  long  tongues  or  occur  as  narrow  streaks 
in  the  intrusives,  or  vice  versa.  There  have  been  successive  intru- 
sions of  igneous  rocks  of  later  age  into  the  earlier  formations.  Thus 
the  Carolina  gneiss  is  cut  by  the  Eoan  gneiss,  and  both  are  cut  by 
granites  of  later  age.  Many  of  the  granites  have  included  blocks  of 
the  formation  in  which  they  have  been  intruded.  In  places  the  in- 
clusion has  been  more  or  less  absorbed  by  the  surrounding  granite, 
the  composition  of  which  has  thereby  been  affected.  Thus,  where 
masses  of  hornblende  gneiss  are  included  in  granite,  the  latter  is 
generally  highly  hornblendic  in  their  vicinity. 

The  structure  of  the  pegmatite  in  the  rocks  of  this  region  is  ex- 
tremely irregular.  In  some  places  the  pegmatite  occurs  in  the  form 
of  sheets  or  lenses  interbedded  and  folded  with  the  inclosing  gneisses 
and  schists.  In  other  places  it  occurs  in  dikes,  veins,  or  lenses  either 
conformable  with  the  inclosing  rocks  through  part  of  its  extent  and 
cutting  across  them  in  other  parts,  or  in  irregular  masses  having  no 
definite  orientation  with  respect  to  the  accompanying  formations.  In 
pegmatized  rock  masses  the  pegmatization  has  generally  affected  cer- 
tain beds,  which  may  grade  into  regular  pegmatite  in  either  the  direc- 
tion of  their  greatest  or  that  of  their  least  extension.  In  such  rocks  it 
is  often  impossible  to  determine  the  line  of  demarcation  between  the 
two.  There  is  also  a  gradation  between  the  pegmatized  beds  and  ordi- 
nary gneiss. 

Quartz  diorite  almost  invariably  occurs  in  small  dikes,  in  places 
conformable  with  the  schistosity  of  the  country  rock,  though  elsewhere 
cutting  across  it  at  all  angles.  The  diabase  dikes  commonly  cut  across 
the  strike  and  dip  of  all  the  older  formations,  filling  a  series  of  fis- 
sures which  have  a  general  northwest  to  north  strike. 

WEATHERING  AND  SOILS. 

The  rocks  of  the  Piedmont  Plateau  have  undergone  such  extensive 
weathering  that  good  outcrops  are  the  exception,  and  a  thick  mantle 
of  residual  soil  covers  much  of  the  country.  The  variety  of  rock 
underlying  certain  soils  can  in  many  places  be  determined,  unless 
decomposition  has  been  too  thorough,  by  studying  the  outcrops  and 
graduations  from  such  exposures  into  the  residual  soil. 

The  Carolina  gneiss,  on  partial  disintegration  and  decomposition, 
commonly  forms  a  gravelly  soil  with  a  red  clayey  matrix.  This  is 
especially  characteristic  of  the  garnetiferous  and  graphite-cyanite 
types,  which  are  abundant  in  parts  of  the  monazite  region.  The  peb- 
bles are  composed  of  small  fragments  of  the  original  rock,  such  as 
tufts  of  cyanite  impregnated  with  hematite  or  limonite,  iron-stained 
garnets,  or  pieces  of  hematite.    On  more  complete  decomposition  a 
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fine  reddish  clayey  soil  results,  with  no  decided  characteristics. 
Other  types  of  the  Carolina  gneiss,  in  which  mica  is  an  important  con- 
stituent, leave  a  micaceous  soil,  much  of  which  assumes  a  purplish 
color.  Granite  and  its  various  phases,  on  partial  disintegration  and 
decomposition,  yield  light  sandy  soils.  On  more  complete  decomposi- 
tion the  granites  yield  soils  of  a  light  to  dark  reddish  color,  depend- 
ing on  the  quantity  of  ferromagnesian  minerals,  as  biotite  or  horn- 
blende, in  the  original  rock.  The  quartz  grains  of  the  granite  remain 
as  sand  mixed  through  a  clayey  matrix.  This  quartz  sand  is  almost 
everywhere  to  be  seen  at  the  immediate  surface,  from  which  the  clays 
have  been  washed  by  rains.  Where  Carolina  gneiss  and  granite  are 
intimately  associated,  or  where  pegmatization  has  been  extensive  in  a 
body  of  Carolina  gneiss,  there  results  a  sandy  soil,  characteristic  of 
granite,  through  which  are  scattered  pebbles  of  hematite  and  ferru- 
ginous cyanite,  characteristic  of  the  Carolina  gneiss.  The  relative 
importance  of  pebbles  in  such  soils  decreases  as  the  quantity  of  peg- 
matite or  of  granite  in  the  rock  formations  increases.  These  features 
of  the  soils  are  especially  marked  on  the  broad,  flat  ridges  character- 
izing much  of  the  Piedmont  Plateau  region.  The  roan  gneiss  leaves 
a  greenish  sandy  soil  on  disintegration,  and  an  ocher-yellow  to  dark 
reddish-brown  or  chocolate-colored  clayey  soil  on  decomposition. 
Black  stains  of  manganese  are  associated  with  many  of  the  soils  de- 
rived from  homblendic  rocks. 

A  clew  to  the  nature  of  the  rock  formations  in  a  given  region  is 
often  furnished  by  the  character  of  the  gravels  in  the  bottom  lands 
and  streams  draining  that  region.  Thus  in  this  area  a  very  light- 
colored  gravel  with  much  quartz  debris  indicates  a  granite  or  its  con- 
tact or  a  very  highly  pegmatized  country  rock.  Garnets  and  hema- 
tite iron  ore,  with  which  blocks  of  mica  or  cyanite  gneiss  are  associ- 
ated, indicate  Carolina  gneiss.  Quantities  of  black  sands  in  the 
stream  gravels,  containing  magnetite,  ilmenite,  hornblende,  etc.,  are 
characteristic  of  the  Koan  gneiss. 

occurrence:  of  monazite. 

Up  to  the  present  time  the  only  deposits  of  monazite  successfully 
worked  have  been  the  gravel  beds  in  streams  and  bottom  lands,  and 
in  certain  places  surface  soils  adjoining  rich  gravel  deposits.  Pros- 
pecting and  careful  mill  tests  on  monazite-bearing  gneiss  and  schist 
have  failed  to  discover  deposits  of  a  nature  that  could  be  worked  ex- 
tensively. The  saprolite  or  rotted  rock  underlying  some  gravel  de- 
posits has  been  washed  in  small  areas,  with  results  reported  to  be 
favorable. 
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PLACERS. 

Commercial  deposits  of  monazite  in  gravel  occur  in  the  beds  of 
creeks  and  streams  and  the  bottom  lands  along  them.  The  thickness 
of  the  gravels  ranges  from  a  foot  or  two,  including  overburden,  to  6 
or  8  or  more  feet.  The  distribution  of  the  monazite  in  them  is,  as 
with  all  heavy  minerals,  richer  near  the  bed  rock  and  poorer  above, 
grading  into  the  overburden.  In  some  deposits  the  whole  bed,  with 
the  finer  alluvium  at  the  surface,  is  rich  enough  to  be  washed  directly 
or  sluiced  down  and  washed.  The  extent  and  value  of  these  deposits 
vary  with  the  topography  of  the  country  and  the  nature  of  the 
gravels.  The  best  deposits  are  more  commonly  associated  with  light- 
colored  gravels  and  sands,  containing  considerable  quartz  debris  and 
fragments  of  other  light-colored  rocks,  such  as  pegmatite,  granite, 
mica,  and  cyanite  gneiss.  On  the  other  hand,  the  absence  of  much 
quartz  and  pegmatitic  or  granitic  debris  from  the  gravels  is  generally 
characteristic  of  low-grade  deposits  of  monazite.  The  presence  of 
black  sands — magnetite,  ilmenite,  hornblende,  etc. — in  the  gravels  does 
not  necessarily  indicate  a  low-grade  deposit,  unless  quartz  and  peg- 
matitic minerals  are  lacking  also. 

RESIDUAL  DEPOSITS. 

The  surface  soils  on  land  adjoining  some  of  the  rich  monazite  de- 
posits have  been  found  to  contain  sufficient  monazite  to  make  sluicing 
down  and  concentrating  profitable.  This  is  the  (Tase  to  a  depth  of  3 
or  4  inches  or  more  in  many  residual  soils  that  have  suffered  but  little 
displacement  on  the  surface,  and  to  depths  of  several  feet  where  the 
drift  soil  has  collected  on  the  gentle  slopes  below  a  steeper  hillside. 
The  partial  concentration  of  monazite  in  the  top  layer  of  soil  is  caused 
by  the  washing  away  of  the  clay  and  other  light  decomposition  prod- 
ucts of  the  rock.  The  supply  of  monazite  in  the  stream  gravels  in 
favorable  areas  is  often  replenished  by  the  wash  from  the  hillside 
soils  during  rains.  This  is  especially  true  where  the  hills  have  any 
considerable  slope  and  the  land  is  cultivated.  Under  such  conditions 
it  is  frequently  profitable  to  work  the  stream  gravels  two  or  more 
times  in  a  year. 

The  saprolite  or  rotted  rock  underlying  the  richer  deposits  of  mon- 
azite is  at  some  places  sluiced  down  to  depths  of  a  few  inches  to  a 
foot  or  so,  along  with  the  overlying  gravels.  At  other  places  small 
amounts  are  removed  and  washed  separately  for  the  monazite  they 
contain.  The  formations  that  have  been  found  especially  favorable 
for  such  work  are  highly  pegmatized  gneiss  or  schist.  Such  deposits 
have  generally  soon  been  lost  or  grown  poor,  probably  on  account  of 
the  fact  that  the  miners  have  cut  through  the  richer  bed  or  failed  to 
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follow  it  in  the  direction  of  its  extension.  The  occurrence  of  monazite 
in  saprolite  will  be  considered  along  with  the  occurrence  of  monazite 
in  hard  rock  formations,  as  the  former  is  merely  an  altered  phase  of 
the  latter. 

MONAZITE  IN  ROCK  FORMATIONS. 

Two  separate  companies  have,  at  different  times,  undertaken  to 
work  a  deposit  of  monazite-bearing  rock  about  3  miles  northeast  of 
Shelby,  N.  C.*  In  each  case  the  undertaking  failed,  because  it  was 
impossible  to  obtain  sufficient  ore  of  the  high  grade  necessary  to  make 
the  operations  a  success.  At  a  number  of  the  placer  deposits  ledges  of 
rock  have  been  found,  either  in  the  bed  of  the  streams  or  near  by, 
which  contained  monazite  in  noticeable  quantity.  So  far  the  rock  in 
which  the  monazite  has  been  found  in  noticeable  amounts  is  pegma- 
tized  gneiss. 

It  is  possible  at  many  of  the  mines  to  pan  the  saprolitic  peg- 
matized  gneiss  under  the  monazite-bearing  gravels  almost  at  random 
and  obtain  monazite.  The  amount  of  the  mineral  obtained  when  the 
panning  is  done  with  a  long-handled  shovel  ranges  from  a  few  grains 
to  a  teaspoonful  per  shovelful,  according  to  the  richness  of  the  beds. 
Mr.  Gteorge  L.  English  has  kindly  furnished  the  results  of  a  test  made 
by  him  on  the  monazite  content  of  the  saprolite  underlying  the 
gravels  at  the  F.  K.  McClurd  mine,  near  Carpenter  Knob,  Cleveland 
County,  N..  C.  From  30  cubic  feet  of  saprolite  424  grams  of  con- 
centrates, carrying  about  40  per  cent  of  monazite,  were  obtained  by 
washing  in  a  sluice  box.  This  approximates  closely  one-third  of  a 
pound  of  pure  monazite  to  a  cubic  yard  of  saprolite. 

The  monazite  content  of  the  rock  at  the  deposit  3  miles  northeast 
of  Shelby,  N.  C.,  has  been  given  a  thorough  test  with  a  well-equipped 
mill  by  the  British  Monazite  Company.  The  following  data  are 
given  through  the  courtesy  of  Mr.  Hugh  Stewart,  by  whom  the  tests 
were  made.  Practically  all  of  the  rock  at  the  mine,  through  a  ver- 
tical height  of  15  to  18  feet  across  the  bedding,  carried  monazite. 
The  quantity  in  different  beds  ranged  from  0.03  per  cent  and  less 
up  to  1.10  per  cent  and  more.  While  the  mill  was  in  operation  all 
beds  carrying  0.4  to  0.5  per  cent  or  more  were  treated  as  ore,  while 
lower-grade  material  was  discarded.  According  to  Mr.  Stewart,  one 
ore  bed  with  a  thickness  of  about  3J  feet  was  found  to  average  1.10 
per  cent  of  monazite. 

Most  of  the  pegmatized  gneiss  bodies  which  are  rich  in  monazite 
represent  phases  of  the  Carolina  gneiss  in  which  the  original  nature 
of  the  rock  has  been  largely  obliterated  as  a  result  of  the  addition 
of  new  minerals  and  the  recrystallization  of  the  original  ores  into 
pegmatitic  materi^,L  The  texture  developed  during  this  pegmatiza- 
tion  is  generally  porphyritic,  in   which  the  feldspar  phenocrysts 
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assume  somewhat  of  an  augen  form.  The  feldspar  phenocrysts  range 
in  size  from  those  smaller  than  a  grain  of  wheat  to  those  the  size  of 
a  walnut.  The  porphyritic  gneiss  may  grade  into  less  or  more  highly 
pegmatized  gneiss,  and  from  the  latter  into  regular  pegmatite.  This 
gradation  may  be  between  two  separate  beds  or  from  one  part  to 
another  of  the  same  bed.  In  those  beds  or  portions  of  beds  where 
there  has  been  little  pegmatization  monazite  occurs  sparingly.  The 
same  is  true  where  pegmatization  has  been  complete  and  but  little  of 
the  original  gneiss  remains.  It  is,  then,  the  beds  of  gneissic  rock 
which  are  rich  in  secondary  quartz  and  contain  numerous  small 
masses  of  feldspar  throughout  that  carry  the  most  monazite.  In 
such  rocks  there  is  generally  much  biotite,  with  graphite  and  perhaps 
some  muscovite  and  other  accessory  minerals,  as  well  as  abundant 

quartz  and  feld- 
sp  ar .  The 
quartz  occurs  in 
layers  or  scat- 
tered grains 
throughout  the 
rock,  inclosing 
and  replacing 
the  other  con- 
stituents. The 
feldspar  crystals 
chiefly  replace, 
though  they 
partly  displace, 
the  other  miner- 
als of  the  rock, 
1  BritiHh  Monazite  in  a 
rock  matrix  al- 
most invariably 
possesses  crystal  form,  in  places  having  brilliant  faces  and  sharp 
angles. 

As  a  typical  example  of  rich  monazite-bearing  rock,  that  from  the 
British  Monazite  Company's  mine,  3  miles  northeast  of  Shelby,  is 
chosen  for  description.  Fig.  15  represents  a  section  across  a  hand 
specimen  of  this  rock  and  shows  the  main  features  to  which  attention 
will  be  called  below.  The  chief  constituents  of  this  rock  are  quartz, 
feldspar  (mostly  the  potash  variety),  biotite,  graphite,  muscovite, 
monazite,  and  a  little  zircon.  It  has  a  banded  structure  caused  by 
the  more  or  less  separate  occurrences  of  certain  minerals  arranged 
in  parallel  streaks,  with  a  roughly  parallel  orientation  of  the  crystals 
or  grains  of  each  mineral.  The  principal  features  of  the  banding 
as  seen  in  the  section  consist  of  one  large  quartz  streak  with  several 
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smaller  streaks  and  individual  grains  in  a  regular  biotite  schist.  The 
other  minerals  of  the  section  occupy  various  positions  and  show 
diverse  relations  to  the  minerals  of  these  bands  and  to  each  other. 
The  feldspar  is  porphyritic  and  occurs  chiefly  in  individual  crystals, 
some  of  which  are  of  considerable  size.  A  number  of  the  feldspar 
phenocrysts  are  small  bodies  of  pegmatite  in  themselves.  As  an  ex- 
ample, the  largest  feldspar  crystal  shown  in  the  section  includes  both 
quartz  and  muscovite.  The  feldspar  at  the  lower  left-hand  side  of 
this  crystal  also  has  much  quartz  and  muscovite  associated  with  it. 
As  shown  in  the  section,  the  feldspar  phenocrysts  replace  the  other 
minerals.  This  replacement  is  especially  well  shown  by  the  inter- 
ruption, with  but  little  displacement,  of  the  lower  biotite  band  by  the 
large  crystal  described  above.  Graphite  occurs  in  large  amounts 
with  biotite,  though  it  is  associated  with  nearly  every  other  mineral 
of  the  rock.  Where  present,  muscovite  is  chiefly  associated  with 
the  feldspar.  Monazite  seems  to  be  indiscriminately  scattered 
through  the  rock,  included  in  or  associated  with  all  the  foregoing 
minerals.  Though  generally  free  from  inclusions  it  is  not  invariably 
so,  and  in  one  case  a  plate  of  graphite  was  observed  within  a  mona- 
zite crystal.  All  the  minerals  observed  in  the  rock,  with  the  excep- 
tion of  zircon,  have  been  noted  as  inclusions  in  the  feldspar 
phenocrysts. 

In  microscopic  sections  cut  from  specimens  from  one  of  the  ore 
streaks,  the  minerals  described  above  were  observed,  together  with 
some  iron  staining.  The  feldspar  is  principally  orthoclase  and 
microcline,  partially  kaolinized.  The  quartz  is  plainly  secondary, 
and  occurs  in  bands  or  streaks  of  grains  parallel  with  the  schistosity 
of  the  rock.  In  some  places  the  quartz  has  been  deposited  in  the 
fractures  or  between  the  grains  of  other  minerals ;  in  others  it  replaces 
or  includes  fragments  of  such  minerals  as  biotite  and  graphite. 

Gas  cavities  and  inclusions  of  very  fine  acicular  needles,  probably 
rutile,  are  abundant  in  the  quartz.  Biotite  occurs  in  interwoven 
laths  and  crystals  roughly  parallel  to  the  banding  of  the  rock.  The 
pleochroism  of  the  biotite  is  light  yellow-brown  to  greenish  brown 
or  dark  purplish  red.  Graphite  occurs  as  plates  and  laths,  in  gen- 
eral lying  parallel  to  the  banding  of  the  rock.  Some  of  it  is  inter- 
banded  and  even  interleaved  with  biotite;  elsewhere  the  plates  are 
turned  across  the  foliation.  In  one  section  a  lath  of  graphite  was 
observed  inclosed  in  quartz  which  filled  a  fracture  across  the  folia- 
tion of  a  biotite  crystal.  Monazite  occurs  in  contact  with  the  various 
minerals  of  the  sections,  though  it  is  more  commonly  surrounded  by 
or  included  in  grains  of  biotite  and  quartz.  The  position  of  the 
monazite  in  the  biotite  indicates  replacement,  and  the  biotite  folise 
are  not  displaced  around  the  crystals.     In  the  microscopic  sections 
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sufficient  feldspar  was  not  observed  to  determine  its  relation  to  the 
other  minerals. 

The  rock  has  been  so  thoroughly  recrystallized  that  it  is  difficult 
to  give  the  relative  order  of  formation  of  the  minerals.  Biotite,  if 
not  still  in  its  original  condition,  was  probably  the  first  mineral  to 
form  during  recrystallization.  Part  of  the  graphite  was  probably 
contemporaneous  with  the  biotite.  Some,  however,  was  introduced 
later  and  formed  at  the  same  time  with  the  quartz.  The  -  small 
amount  of  muscovite  in  the  rock  was  probably  next  to  form,  followed 
closely  by  quartz.  From  the  small  amount  of  feldspar  in  the  micro- 
scopic sections,  it  was  not  possible  to  state  its  relative  period  of 
formation.  From  the  hand  specimen,  however,  shown  in  fig.  15,  it 
is  evident  that  the  feldspar  was  introduced  later  than  the  quartz,  or 
possibly  contemporaneously  with  part  of  it. 

ORIGIN  OF  MONAZITE. 

Monazite  has  been  observed  in  pegmatite,  pegmatized  gneisses  and 
schists,  and  granite  gneiss.  The  occurrence  of  monazite  in  pegmatite 
is  that  of  an  accessory  original  constituent,  with  the  crystal  form 
more  or  less  well  developed.  But  few  occurrences  in  granites  have 
been  observed  by  the  writer,  and  those  were  in  highly  gneissic  por- 
phyritic  granite.  The  occurrence  in  pegmatized  gneisses  and  schists 
indicates  either  a  gathering  together  of  the  proper  elements  from  the 
original  rock  and  their  formation  into  monazite  during  recrystalliza- 
tion, or  the  introduction  of  the  proper  elements  from  external  sources, 
along  with  the  materials  causing  pegmatization.  It  is  probable  that 
pegmatization  in  which  much  quartz  with  but  little  feldspar  has 
formed  represents  a  phase  of  recrystallization,  in  which  the  quartz 
may  either,  in  part  or  wholly,  have  come  from  the  original  rock  itself 
or  may  have  been  added  by  solutions  passing  through  the  formations. 
In  either  case  the  materials  do  not  represent  the  work  of  active  mag- 
matic  solutions  or  magmas  such  as  might  give  rise  to  regular  peg- 
matite bodies.  In  those  recrystallized  or  pegmatized  rocks  where 
the  feldspathic  component  of  pegmatite  is  not  plentiful,  monazite 
occurs  but  sparingly.  On  the  other  hand,  monazite  is  found  more 
abundantly  in  rock  formations  in  which  feldspar  plays  a  prominent 
part.  The  common  proximity  of  this  form  of  pegmatization  to 
granite  masses  gives  evidence  of  its  formation  through  magmatic 
agencies.  Such  pegmatized  gneisses  are  probably  the  result  of  active 
magmatic  solutions  passing  through  the  rock,  both  aiding  in  recrystal- 
lization of  the  original  constituents,  and  depositing  the  materials 
held  in  solution  when  conditions  of  temperature  or  agents  of  pre- 
cipitation were  favorable.  As  evidence  in  favor  of  the  association 
of  monazite  with  the  agencies  that  produce  pegmatite  may  be  cited 
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the  occurrence  of  large  crystals  of  that  mineral  in  the  pegmatite 
worked  for  mica  in  Mitchell  County,  N.  C. 

The  monazite  of  rock  formations  has,  then,  probably  been  derived 
from  aqueo-igneous  solutions  such  as  give  rise  to  certain  forms  of 
pegmatite  and  have  in  these  cases  affected  large  masses  of  rock. 

SUMMARY. 

The  commercial  value  of  monazite  is  due  to  the  presence  in  the 
mineral  of  a  small  percentage  of  thorium.  This  element  forms  the 
basis  for  the  manufacture  of  various  forms  of  incandescent  gas  lights. 
The  value  of  the  production  of  monazite  in  the  United  States  is 
small  compared  to  that  of  other  important  minerals.  Monazite  de- 
posits of  commercial  value  have  been  found  within  an  area  of  about 
3,500  square  miles,  lying  wholly  in  the  Piedjnont  Plateau  region  of 
North  and  South  Carolina.  The  principal  rocks  of  this  region  are 
mica,  garnet,  cyanite,  graphite,  hornblende  and  granite  gneisses  and 
schists,  massive  granite,  pegmatite,  peridotite,  quartz  diorite,  and 
diabase.  The  structure  of  the  rock  formations  is  complex  and  in 
many  localities  metamorphism  has  been  so  extensive  that  the  original 
nature  of  the  rocks  can  not  be  determined.  The  rocks  are  in  many 
places  concealed  by  a  heavy  mantle  of  residual  soil,  but  their  character 
can  often  be  learned  by  a  study  of  these  soils. 

The  only  deposits  of  monazite  that  have  been  extensively  and  suc- 
cessfully worked  are  placers.  These  deposits  are  richest  in  regions 
where  granitic  rocks  and  pegmatized  gneisses  and  schists  abound. 
Residual  surface  soils  and  monazite-bearing  saprolite  are  in  some 
places  sluiced  down  from  small  areas  and  concentrated.  The  best- 
known  occurrence  of  monazite  in  a  rock  matrix  is  in  porphyritic 
pegmatized  gneiss.  In  ordinary  gneiss  and  in  highly  pegmatized 
gneiss,  in  which  the  pegmatite  is  so  abundant  that  but  little  of  the 
original  rock  remains,  monazite  occurs  sparingly.  In  beds  where 
pegmatization  is  prominent  but  not  extreme  monazite  occurs  more 
plentifully.  Monazite  in  pegmatized  gneiss  is  thought  to  be  derived 
from  aqueo-igneous  solutions  passing  through  the  rock  and  depositing 
and  recrystallizing  portions  of  it  into  the  minerals  of  pegmatite. 


MINERALS  OF  THE  RARE-EARTH  METALS  AT 
BARINGER  HILL,  LLANO  COUNTY,  TEX. 


By  Frank  L.  Hess. 


GElS^RAIi  DESCRIPTION  OF  THE  DEPOSIT. 

Baringer  Hill  is  located  about  100  miles  northwest  of  Austin,  Tex., 
on  the  west  bank  of  Colorado  Kiver,  near  the  western  edge  of  the 
Burnet  quadrangle  as  mapped  by  the  United  States  (Geological  Sur- 
vey. It  is  12  miles  north  of  Kingsland,  the  nearest  railroad  point,  16 
miles  west  of  Burnet,  and  22  miles  northeast  of  the  town  of  Llano. 
It  is  a  low  mound  rising  above  the  flood  plain  of  the  Colorado,  and 
formed  by  the  resistance  to  erosion  of  a  pegmatite  dike  intruded  in  a 
porphyritic  granite. 

Few  if  any  other  deposits  in  the  world,  and  certainly  no  other  in 
America,  outside  of  the  monazite  localities,  have  yielded  such  amounts 
of  the  rare-earth  metal  minerals  as  Baringer  Hill. 

The  writer  visited  this  region  in  the  latter  part  of  February,  1907, 
fortunately  at  a  time  when  Mr.  William  E.  Hidden,  who  has  been 
largely  instrumental  in  making  this  locality  famous  through  his  con- 
tributions to  mineralogical  literature  on  the  rare  minerals  found  here, 
was  conducting  mining  operations. 

The  hill  is  named  for  John  Baringer,  who  discovered  in  it  large 
amounts  of  gadolinite  about  1887.  No  one  in  the  neighborhood  knew 
what  the  mineral  was  and  specimens  were  sent  to  a  number  of  places 
before  it  was  identified.  A  piece  fell  into  the  hands  of  Mr.  Hidden, 
who  at  once  looked  up  the  deposit  and  afterwards  obtained  possession 
of  the  property.  Meanwhile  Mr.  Baringer  had  taken  out  a  quantity 
of  gadolinite  estimated  at  800  to  1,200  pounds,  which  was  largely 
picked  up  and  carried  off  by  persons  in  the  neighborhood  as  curiosi- 
ties.  Some  of  the  choicer  pieces,  showing  crystal  form,  found  their 
way  into  various  museums.  The  property  is  now  controlled  by  the 
Nernst  Lamp  Company,  of  Pittsburg,  Pa.,  and  is  worked  by  that  con- 
cern for  yttria  minerals.  Since  its  acquirement  by  this  company  a 
considerable  amount  of  work  has  been  done  on  the  deposit,  consisting 
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mostly  of  open  cuts  around  the  edge  of  the  pegmatite,  reaching  a 
depth  of  30  or  40  feet.  A  large  block,  30  feet  in  height  and  more  in 
diameter,  consisting  mostly  of  quartz,  is  left  standing  in  the  middle. 

In  general  the  "  Llano  region,"  in  the  heart  of  which  Baringer 
Hill  is  located,  is  an  island  of  pre-Cambrian  rocks  intruded  by  plu- 
tonics  and  surrounded  by  an  irregular  zone  of  Cambrian  and  other 
Paleozoics,  including  some  that  are  possibly  Devonian  and  some  Car- 
boniferous rocks.  The  inner  portion  includes  parts  of  Burnet, 
Llano,  and  Mason  counties,  and  is  situated  at  almost  the  geographic 
center  of  Texas.  The  history  of  this  island  has  been  considerably 
discussed,  and  views  differ  as  to  whether  it  was  an  island  during  the 
deposition  of  the  Cretaceous,  by  which  the  area  is  almost  entirely 
surrounded,  or  whether  it  has  been  exposed  by  denudation  of  the 
later  rocks.  The  coal  measures  extend  to  the  north  from  the  region, 
giving  some  evidence  of  an  area  of  high  land  previous  to  the  deposi- 
tion of  the  Cretaceous.  Personally,  the  writer  is  inclined  to  agree 
with  the  view  that  the  region  has  been  denuded,  although  his  inves- 
tigations have  been  but  superficial.  The  plutonics  are  granitoid 
rocks  of  many  textures,  and  differ  considerably  in  composition. 
Large  areas  are  composed  of  the  rather  coarse  red  granite,  the  prin- 
cipal outcrops  of  which  occur  near  Marble  Falls  and  from  which  the 
State  capitol  of  Texas  was  built.  Peculiar  dikes  of  a  chocolate- 
brown  granite  near  Llano  contain  blue  quartz.** 

Other  dikes  containing  this  blue  quartz  are  of  a  reddish  color.  In 
many  localities  the  granite  is  very  porphyritic,  containing  feldspars 
from  1  inch  to  2  inches  in  longer  diameter.  There  are  also  gray  and 
fine-grained  red  granites,  and  in  some  places  they  have. taken  a 
gneissoid  form.  The  granites  are,  at  least  in  part,  intrusive  in  crys- 
talline ischists  and  gneisses  of  uncertain  origin,  which  are  here  and 
there  graphitic  and  contain  interbedded  strata  of  crystalline  lime- 
stone. There  are  some  later  dikes  of  diabasic  character,  which  are 
comparatively  fresh.  Southwest  of  Llano  are  areas  of  serpentine 
and  other  basic  rocks. 

In  many  places  the  granites  are  cut  by  pegmatite  dikes,  ranging 
in  width  from  a  few  inches  to  60  feet,  which  show  a  much  greater 
percentage  of  quartz  than  of  feldspar  and  other  constituents,  and 
afford  beautiful  illustrations  of  the  most  acidic  phase  of  pegmatites. 
In  a  6-inch  dike  there  may  be  but  a  few  feldspar  crystals  from  1  inch 
to  3  inches  long  fringing  the  edges  of  the  dike ;  in  other  dikes,  or  in 
other  portions  of  the  same  dike,  gradations  from  pure  quartz  to 
almost  pure  feldspar  may  be  observed. 

Baringer  Hill  is  formed  by  such  a  dike  on  a  huge  scale.  It  is  a 
small  mound  which,  before  mining  was  begun,  rose  perhaps  40  feet 

« Described  by  Joseph  P.  Iddings,  Quartz-feldspar  porphyry  (granlphyro-liparose- 
alaskose)  from  Llano,  Tez. :  Jour.  Qeol.,  vol,  12,  1904,  pp.  225-331. 
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above  a  surrounding  flat,  was  about  100  feet  wide,  and  from  200  to 
250  feet  long.  The  longer  axis  runs  east  and  west  and  is  nearly  at 
right  angles  to  the  course  of  the  Colorado  River  at  this  point.  The 
country  rock  is  a  coarse  porphyritic  granite  with  feldspar  pheno- 
crysts  about  1  inch  long.  This  granite  seems  to  weather  and  erode 
rather  easily,  and  the  river  has  cut  a  flood  plain  perhaps  one- fourth 
of  a  mile  wide  at  this  point,  while  the  dike,  owing  to  its  greater 
hardness  pnd  freshness,  has  better  withstood  the  erosion.  The  peg- 
matite, an  unsymmetrical  body  with  irregular  walls,  is  intruded  into 
the  granite  in  what  seems  to  be  a  pipe  or  short  dike. 

At  the  edges  of  the  intrusion  is  a  graphic  granite  of  peculiar 
beauty  and  definite  structure,  being  more  like  the  text-book  illustra- 
tions than  the  usual  graphic  granite  found  in  the  field.  The  altered 
band  is  from  1  foot  to  5  or  6  feet  thick,  and  apparently  surrounds  the 
pegmatite.  No  segregation  of  the  feldspar  or  quartz  in  particular 
parts  of  the  dike  can  be  noted,  except  that  the  feldspar  may  possibly 
be  more  inclined  to  occupy  the  sides  of  the  intrusion.  As  far  as 
shown  it  occupies  most  of  the  western  and  southern  sides,  and  the 
quartz  occupies  the  center  and  much  of  the  eastern  side. 

One  quartz  mass  is  more  than  40  feet  across.  The  quartz  has  dis- 
tinct white  bands,  from  one-eighth  to  one-half  inch  wide,  which  seem 
to  be  due  to  a  movement  akin  to  flowage  and  are  similar  to  those 
found  in  many  pegmatitic  masses  in  other  portions  of  the  country. 
The  white  banding  is  due  to  small  liquid  inclusions,  many  of  them 
containing  bubbles  which  either  do  not  move  from  change  of  inclina- 
tion of  the  fragment  containing  them,  or  do  so  but  slowly.  The  cavi- 
ties are  minute,  largely  of  irregular,  angular  shapes,  suggesting  at  first 
glance  particles  of  broken  minerals,  and  occur  in  straight  or  broken 
lines  that  probably  follow  fine  cracks  which  were  later  cemented. 
Groups  of  these  cracks,  with  their  inclusions,  form  the  bands,  which 
seem  to  lie  approximately  parallel  to  the  walls  of  the  dike  or  at 
such  angles  with  them  as  might  easily  be  formed  by  the  flowage  of 
the  material  into  the  space  it  occupied  in  the  granite.  The  condition 
of  the  quartz  seems  to  show  that  the  pegmatite,  after  being  forced 
into  the  granite,  partly  cooled  and  solidified  and  then  made  another 
small  movement,  or  a  series  of  slight  movements,  at  which  time  the 
minute  fractures  were  formed  in  the  quartz  and  the  magmatic  fluids 
were  forced  into  them,  but  as  the  mass  was  not  yet  totally  solidified 
the  cracks  were  effectually  healed  and  the  fluid  was  inclosed.  Such 
movements  may  be  supposed  to  have  been  consequent  on  the  readjust- 
ment of  the  mass  on  cooling.  Between  the  fracture  bands  the  quartz 
is  glassy  and  clear.  At  one  place  a  vug  was  found  large  enough  for  a 
man  to  enter,  lined  with  "  smoky  "  quartz  crystals  reaching  1,000 
pounds  or  more  in  weight.  This  would  seem  to  indicate  that  the  peg- 
matite had  been  intruded  in  a  pasty  or  semifluid  condition  and  that 
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the  vugs  represent  the  spaces  occupied  by  segregated  water  that  was 
squeezed  from  the  magma  as  the  minerals  took  their  final  solidified 
form. 

The  feldspar  is  an  intergrowth  of  microcline  and  albite^  of  a 
brownish  flesh  color,  beautifully  fresli,  and  occurs  (1)  in  large 
masses  reaching  over  30  feet  in  diameter^  and  (2)  as  huge  crystals, 
many  of  which,  though  they  rarely  show  terminal  planes,  have  one 
or  more  sharply  defined  edges,  especially  where  partially  surrounded 
by  quartz.  An  edge  34  inches  long  was  measured  on  one  crystal 
thus  embedded.  A  smaller  crystal  was  seen  which  was  about  a  foot 
long,  weighed  perhaps  20  pounds,  and  showed  fine  terminations  and 
twinning  planes. 

A  large  amount  of  feldspar  has  been  mined  and  thrown  on  the 
dump,  and  it  is  possible  that  in  time  the  dump  material  may  be 
utilized,  either  for  its  potassium  content,  as  a  fertilizer,  or  for  pottery 
making. 

Large  crystals  of  fluorspar,  measuring  a  foot  along  the  edge,  occur 
in  the  quartz,  but  this  mineral  does  not  form  any  considerable  per- 
centage of  the  mass.  The  fluorspar  ranges  frt>ni  almost  colorless 
to  violet  so  dark  that  it  is  practically  opaque.  Where  found  alone 
in  the  quartz  it  was,  so  far  as  observed,  of  lighter  color  than  where 
found  with  dark-colored  minerals.  Mr.  Hidden  informed  the  writer 
that  it  sometimes  becomes  luminous  at  the  temperature  of  a  living 
room. 

Hmenite  occurs  in  radiating  bunches  of  sheets  or  blades  ranging 
from  1  inch  to  10  or  11  inches  in  width  and  from  one-sixteenth  to 
one-fourth  of  an  inch  in  thickness.  In  cross  section  the  ihnenite 
looks  like  the  ribs  of  a  fan,  with  the  outer  ends  from  one- fourth  to 
three-fourths  of  an  inch  apart.  Similar  aggregations  take  different 
angles,  and  numbers  of  such  groups  are  found  lying  close  together. 
With  them  occurs  biotite  mica  in  like  bunches,  the  sheets  of  which 
are  said  to  reach  3  feet  in  width  by  an  inch  in  thickness.  The  mica 
is  reported  by  Mr.  Hidden  to  contain  c»sium  and  rubidium,  and  to 
be  close  to  lepidomelane  in  constitution.  Small  flakes  of  lithia  mica 
reaching  half  an  inch  in  diameter  are  found,  generally  along  cracks 
in  the  quartz.  No  muscovite  was  seen,  but  it  is  said  to  be  found 
oiv,asionally.  Compared  with  the  mass  the  total  amount  of  mica  is 
very  small. 

THE  RARE-EARTH  MINERAIiS. 

The  greatest  interest  in  the  dike  centers  in  the  accessory  minerals, 
particularly  in  the  occurrence  of  the  rare-earth  metal  minerals,  which, 
as  stated,  probably  have  never  been  found  at  any  other  place  in  such 
large  masses  and  in  such  quantities  as  in  this  locality.  So  far  the  ex- 
cavations are  comparatively  shallow,  and  such  minerals  as  are  found 

4707&— Bun.  340—08 ^19 
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are  more  or  less  weathered.  Many  show  their  crystalline'  form,  but 
owing  to  alteration  the  crystals  are  now  imperfect. 

AUanite,  a  variable  silicate  of  calcium,  iron,  aluminum,  and  the 
cerium  metals  (cerium,  praseodymium,  neodymium,  and  lanthanum), 
and  in  smaller  amount  those  of  the  yttrium  group,  occurs  in  large 
masses,  one  of  which  weighed  300  pounds  and  was  embedded  in 
purple  fluorspar.  It  is  a  dense  black  mineral  with  a  fine  luster,  and 
a  hardness  of  about  6.  Around  the  edges  and  along  cracks  it  shows 
alteration  to  a  brown  substance  having  a  hardness  of  about  5.5.  The 
percentage  of  yttria  ordinarily  occurring  in  allanite  is  small  and 
rarely  exceeds  2J  per  cent. 

Cyrtolite  is  rather  common  in  the  dike  in  peculiarly  fine,  polysyn- 
thetic  groupings  with  curved  faces.  It  is  brown  on  the  surface,  with 
a  darker  or  nearly  black  interior,  and  is  evidently  a  mixture  of  sub- 
stances. It  carries  a  considerable  amount  of  zirconia  and  some  yttria, 
and  is  supposed  by  Mr.  Hidden  to  be  an  alteration  product  of  zircon. 
If  it  is  such  a  derivative,  the  original  mineral  was  probably  much 
more  complicated  than  ordinary  zircon.  It  makes  a  fair  radiograph, 
which  also  gives  evidence  of  its  nonhomogeneity. 

Fergusonite,  a  variable  columbate  of  the  yttrium  group  and  other 
of  the  rare-earth  metals,  occurs  in  four  varieties,  so  different  as  to 
be  almost  distinct  minerals.  The  difference  between  them  is  due  to 
oxidation  and  hydration.  No  anhydrous  varieties  are  found.  It 
is  found  in  crystalline  form  surrounded  by  decomposition  zones. 
Bunches  of  irregular  crystals  have  been  broken  out,  weighing  over 
65  pounds.  It  is  generally  a  mixture  of  minerals,  as  may  be  easily 
seen  on  a  smooth  surface,  from  the  different  colors.  The  difference 
in  composition  is  strikingly  shown  in  a  radiograph,  the  variations 
being  marked  by  difference  in  radiation.  According  to  the  two 
analyses  by  Hidden  and  Mackintosh,**  the  fergusonite  obtained  here 
carries  from  31.36  to  42.33  per  cent  of  yttria  and  accompanying  rare- 
earth  metals,  and  42.79  to  46.27  per  cent  of  columbium  dioxide.  The 
two  analyses  give  1.54  per  cent  and  7.05  per  cent  of  uranium  oxides. 
These  are  probably  very  irregularly  distributed  through  the  material, 
as  shown  both  by  the  mineral  itself  and  especially  by  its  radiographs, 
which  are  of  striking  beauty. 

Gadolinite,  a  silicate  of  beryllium,  iron,  and  yttrium,  is  the  most 
important  of  the  minerals  found  here.  It  contains  about  42  per 
cent  of  the  yttrium  oxides,  with  a  molecular  weight  of  260,  and 
occurs  in  crystals  and  masses  of  irregular  shape  up  to  200  pounds 
in  weight.  The  outer  portion  of  the  mineral  and  that  adjacent  to 
the  cracks  is  altered  to  dense  brick-red  material,  but  the  mineral 

*  Hidden,  W.  E.,  and  Mackintosh,  J.  B.,  Yttria  and  thoria  minerals  from  Llano  County, 
Tex. :  Am.  Jour.  Sci.,  3d  ser.,  vol.  38,  1889,  pp.  483-484.  The  minerals  oT  this  locality 
have  been  well  described  by  these  writers  in  a  number  of  papers. 
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itself  is  of  a  fine,  glassy  black,  with  a  smooth  conchoidal  fracture. 
Thin  splinters  are  bottle-green  in  color.  It  has  a  specific  gravity 
of  a  little  over  4.2,  and  a  hardness  of  6.5  to  7.  A  specimen  collected 
makes  no  impression  on  a  photographic  plate  with  fifty  hours' 
exposure. 

Polycrase,  a  columbate  and  titanate  of  yttrium,  erbium,  cerium, 
and  uranium,  occurs  in  grains,  small  masses,  and  plates,  the  last  asso- 
ciated with  ilmenite  in  such  a  manner  as  to  suggest  the  probability 
of  replacement.  It  normally  contains  between  20  and  30  per  cent  of 
yttrium  oxide,  but  is  in  too  small  amount  to  be  commercially  impor- 
tant.   It  is  very  radioactive,  and  quickly  affects  a  photographic  plate. 

Other  rare-earth  metal  minerals  found  in  the  dike  are  yttrialite, 
rowlandite,  nivenite,  gummite  of  several  varieties,  thorogummite, 
mackintoshite,  and  tengerite.  These  minerals  are  apt  to  occur  in  any 
part  of  the  dike,  either  in  the  quartz  or  the  feldspar,  but  have  so  far 
been  found  mostly  along  the  outer  portions.  A  peculiarity  of  their 
occurrence  is  that  they  are  found  in  bunches  from  which,  if  in  quartz, 
radial  cracks  extend  in  every  direction,  and  by  following  such 
cracks  the  minerals  are  found.  An  illustration  of  such  an  occur- 
rence was  published  by  William  E.  Hidden  in  lOOS.**  The  cause  of 
these  "  stars,"  as  they  have  been  called  by  Mr.  Hidden,  is  not  clear, 
but  the  thought  suggests  itself  that  the  rare-earth  metal  minerals 
may  have  crystallized  first  from  the  magma,  and  the  solidifying 
quartz,  being  unable  otherwise  to  accommodate  itself  to  the  incom- 
pressible nucleus,  cracked  in  this  manner. 

Mr.  Hidden  stated  that  in  mining  ore  of  the  largest  pockets  the 
faces  and  hands  of  himself  and  his  assistant  were  affected  as  if  by 
sunburn,  and,  as  in  sunburn,  the  covered  flesh  was  not  irritated.  He 
suggested  radioactivity  as  the  cause,, and  ijiasmuch  as  the  minerals 
under  consideration  are  radioactive,  the  explanation  seems  plausible.* 

The  following  was  given  by  Mr.  Hidden  in  a  personal  communi- 
cation as  a  complete  list  of  the  minerals  found  in  Barjnger  Hill : 


Minerals  found  in  Baringer  Hill,  Llano  County,  Tex. 

SILICATES. 


■} 


occur  as  intergrowths  making  up  the  mass  of  the  feldspar. 


Albite ; 

Microcline 

Allanite;  a  variable  silicate  of  calcium,  iron,  the  cerium  metals,  and  less 
amounts  of  the  yttrium  group,  in  masses  weighing  up  to  300  pounds,  em- 
bedded in  purple  fluor  spar. 

Biotite;  close  to  lepidomelane. 

Cyrtolite;  hydrated  silicate  of  zirconium,  yttrium,  and  cerium.  Radioactive, 
abundant. 


"  Some  results  of  late  mineral  research  in  Llano  County,  Tex. :  Am.  Jour.  Sci.,  4th  ser., 
vol.  19,  1905,  p.  432. 

^Mr.  Hidden  has  described  tbis  incident  in  the  article  referred  to  above. 
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Gadolinite ;  a  silicate  of  beryllium,  Iron,  and  yttrium  in  masses  weighing  up 
to  200  pounds. 

Litliia  mica ;  apparently  a  later  deposition  lu  cracks  In  quartz.  Small  flakes 
one-half  iDcb  or  less  across. 

Orthoclase;  not  abundant. 

Yttrlallte;  ao  anhydrous  silicate  of  tborla,  yttrium,  and  cerium  eartlis.  Con- 
tains about  30  per  cent  silica,  46  per  cent  yttrla,  10  to  12  per  cent  thorla, 
and  5  to  6  per  cent  ceria.    Does  not  occur  in  large  quantity. 

Rowlandlte;  practically  a  hydrated  yttrium  silicate.  Contains  5  per  cent 
fluorine. 

COLUMB4TES. 

FeT%usonlte;  four  varieties,  due  to  oxidation  and  hydration.  Neither  la  an- 
hydrous. Purest,  5.65  specific  gravity.  So  different  aa  to  be  almoat  dis- 
tinct minerals.    Crystals  surrounded  by  decomposition  zones. 

Polycrase;  columbate  and  titanate  of  yttrium,  erbium,  cerium,  and  uranium. 
Contains  about  25  per  cent  of  yttrla. 


Hematite;  apecular,  small  quantity. 

Magnetite)  without  metallic  acids  or  rare  eartha. 

Ilmenite;  iron-titanium  oxide  In  beautiful  crystals,  as  well  as  plates  up  to 

8  or  9  inchea  broad. 
Rutlle ;  titanium  oxide,  in  priamatlc  and  reticulated  forms  one-fourth  inch  thick. 
Quartz ;  large  masses  and  crystala  of  white  quartz  and  "  smoky  "  crystals  up 

to  1,000  pounds  in  weight.    Amethysts  of  gem  quality  reach  1  Inch  by  one- 

balf  inch. 


Macklntoablte :  3  parts  thorite  to  1  part  uranlnlte;  contalos  13  per  cent  silica 
and  a  small  amount  of  yttrla.  Radioactive;  several  times  more  ao  than 
its  alteration  product. 

Thorogummlte :  formed  from  macklntoshite  by  addition  of  HiO  and  alteratlMi 
of  ua  to  UO,. 

Nivenite;  a  uranate  of  uranium,  thorium,  yttrium,  and  lead.  Contains  10  per 
cent  of  lead.  Tbe  most  soluble  uranate  yet  discovered ;  Soluble  in  5  per  cent 
solution  of  SOs.  Prlnta  well  and  gives  great  detail.  Oppiirs  In  onbw  nufl 
masses.  (See  Dana's  Syatem  of  Mineralogy,  p.  88d,  for  two  analyses.) 
Alters  to  gummlte. 

Gummlte;  several  varieties. 


Aatunite;  hydroua  phosphate  of  uranium  and  calcium ;  aecoudiiry,  no 

CABBONATBS. 

Teogerite;  carbonate  of  yttrium  and  beryllium.  Generally  globular,  but  w 
also  as  crystala  up  to  one-sisteeuth  inch  In  lengtb  singly  aud  as  little  n 
May  be  a  mixture  of  beryllium  and  yttrium  carbonates. 

Lantbanite;  carbonate  of  lanthanum,  containing  also  cerium,  praBcodymimn,  nud  ^ 
calcium.    In  incrustations  on  allanlte. 
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smf HIDES. 

Cbalcoprrite ;  iron-copper  sulphide,  massive,  ta  small  amount. 
Pyrlfe;  Iron  sulphide,  cubic  and  octahedral. 

Sphalerite;  zinc  sulphide;  the  purest  fergusonlte  contains  some  zinc. 
Molybdenite;  molybdenum  sulphide  In  scales  5  inches  wide,  wlilcb  form  masses 
weighing  up  fo  10^  pounds.    Alters  to  powelllte. 


Powelllte;  calcium  molybdate,  In  white  cruets  lining  cavities  where  MbS  has 
been.  Sugary  white  radiating  or  plumose  crystals,  one-fourth  to  tliree- 
fourths  Inch  long.    Locally  greenish. 

It  is  interesting  to  note  that  among  the  numerous  minerals  in  this 
dike  no  tourmaline,  zircon,  beryl,  monazite,  cassiterite,  garnet,  or 
tungsten  minerals  have  been  found.  Cassiterite  has  been  reported 
from  the  neighborhood,  but  its  occurrence  is  extremely  doubtful. 

With  the  exception  of  the  alteration  products  and  probably  of  the 
lithia  mica,  which,  as  noted,  occurs  along  cracks  in  the  quartz,  all 
the  minerals  are  believed  to  be  original  constituents  of  the  dike. 

The  possibility  of  finding  dikes  having  a  like  variety  of  minerals 
at  once  suggests  itself,  and  much  prospecting  has  been  done  for  them. 
A  few  specimens  of  the  rare-earth  metal  minerals  have  been  found  at 
other  places  in  the  neighborhood,  but  only  a  few,  and  in  small  quan- 
tity. However,  similar  dikes  occur,  as  already  stated,  and  these  have 
not  all  been  thorouglily  investigated.  It  is  to  be  remembered  that 
these  minerals  form  but  a  small  fraction  of  1  per  cent  of  the  mass, 
and  it  might  easily  happen  that  comparatively  large  amounts  could 
exist  in  a  dike  and  not  be  exposed  at  the  outcrop.  They  are  minerals 
which  are  altered  to  softer  products  by  exposure,  and  would  thus  be 
easily  removed  by  erosion  and  weathering.  The  cracks  surrounding 
nuclei  of  the  minerals  should  be  useful  in  prospecting. 

ECONOMIC  VALUE. 

The  economic  interest  in  the  rare-earth  metal  minerals  centMS  in 
their  incandescence  on  being  heated,  and  owing  to  this  proper^  they 
I  have  been  mu^WB^^    Thoria,  bra^llia,  yttria,  and  zirconik  sbow 
^Xt  VII19  found,  however,  that  tborm  and 
^  6f  the  iiicandp»i^nt  oxides  u^  in  gms 
I  Vie  '  in  efeotrii'  slower, 

mp-     Vltr'  mis.  hr-^Wf r«r.  »ill 

^r-    rf  this 


294        CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1907,  PART  I. 

tity  to  meet  the  requirements.  The  zirconia  is  obtained  from  zircon 
brought  from  other  localities. 

In  the  manufacture  of  the  glowers  for  the  Nernst  lamp,  a  paste 
consisting  of  25  per  cent  of  yttria  and  75  per  cent  of  zirconia  is 
squirted  into  strips  of  the  proper  thickness,  baked,  and  cut  into  the 
required  lengths.  When  cold  the  mixture  is  nonconducting,  but  after 
being  heated  it  becomes  a  conductor  and  gives  a  brilliant  light. 

The  needs  of  the  Nernst  Lamp  Company,  which  owns  the  deposit, 
require  only  the  occasional  working  of  the  mine.  After  enough 
yttria  minerals  are  obtained  to  supply  its  wants  for  a  few  months 
ahead  the  mine  is  closed.  But  a  few  hundred  pounds  per  year  are 
extracted. 


TIN  ORE  AT  SPOKANE,  WASH. 


By  Arthur  J.  Collier. 


INTRODUCTION. 

One  of  the  mineral  discoveries  reported  during  the  year  1907 
which  has  attracted  considerable  attention  is  that  of  tin  ore  at  Sil- 
ver Hill,  southeast  of  Spokane,  Wash.  Prospects  of  silver-bearing 
galena  had  been  known  at  this  place,  and  a  search  for  metalliferous 
minerals  and  also  for  coal  had  been  carried  on  here  for  several  years. 
The  tin-bearing  mineral,  cassiterite,  was  identified  as  such  by  Rich- 
ard Marsh,  of  Spokane,  in  the  summer  of  1906,  but  prospecting  for 
tin  was  not  commenced  before  March,  1907.  By  the  1st  of  June 
several  carloads  of  selected  ore  had  been  mined  and  piled  on  the 
dump.  The  first  authentic  report  of  this  discovery  published  out- 
side of  the  local  newspapers  was  by  A.  R.  Whitman,^*  of  Spokane, 
June  1,  1907. 

As  the  locality  is  a  new  one  for  tin  ore,  none  having  been  previously 
reported  from  the  State  of  Washington,  the  writer  spent  several 
days  early  in  the  season  examining  the  prospects,  and  again  visited 
the  region  in  October  to  note  the  developments  made  during  the 
summer.  The  owners,  Messrs.  Charles  Robbins  and  Richard  Marsh, 
of  Spokane,  provided  every  facility  for  this  examination  and  cheer- 
fully supplied  all  of  the  information  resulting  from  their  explora- 
tions. Mr.  A.  R.Whitman  also  offered  the  results  of  his  observations 
and  accompanied  the  writer  on  one  of  his  visits  to  the  field.  The 
present  report  is  based  on  these  limited  investigations,  and  is  neces- 
sarily incomplete,  although  many  of  the  facts  relating  to  the 
occurrence  of  the  ore  have  been  ascertained. 

GEOGRAPHY. 

Spokane,  the  most  important  city  of  eastern  Washington,  is  sit- 
uated about  18  miles  from  the  Idaho  State  line  and  90  miles  south 
of  the  Canadian  boundary,  on  the  lines  of  the  Northern  Pacific, 


«  A  tin  deposit  near  Spokane :  Mln.  and  Scl.  Press,  vol.  94,  June  1,  1907,  p.  697 ;  vol.  95, 
July  13,  1907,  p.  49. 
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-  Great  Northern,  and  Union  Pacific  railroad  systems.  It  is  a  center 
for  extensive  agricultural,  lumbering,  and  mining  interests.  Vast 
expanses  of  rich  wheat  lands  in  the  Palouse  and  Big  Bend  countrie.i 
lie  to  the  south  and  west.  Great  forests  of  valuable  timber  lie  within 
100  miles  to  the  east,  and  the  mines  of  the  Cceur  d'Alene  district, 
the  chief  producers  of  lead-silver  ores  in  the  United  States,  are 
within  100  miles  to  the  southeast,  Spokane  Kiver  has  a  fall  of 
several  hundred  feet  and  furnishes  the  surrounding  country  with 
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water  power.     Several  electric  interurban  railroads  radiating  from 
Spokane  are  operated  with  power  from  the  falls. 

The  tin  deposits  (see  fig.  16)  are  situated  on  one  of  these  roads 
within  half  an  hour's  ride  from  the  center  of  the  city.  The  location 
is  an  ideal  one  for  mining,  milling,  and  shipping  ore,  provided  it  is 
found  in  sufficient  quantities,  the  only  element  lacking  being  coal. 
No  deposits  of  coal  suitable  for  smelting  tin  ores  are  known  within 
150  miles. 
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TOPOGRAPHY. 

• 

The  area  covered  by  the  index  map  (fig.  16)  has  a  total  relief  of 
1,900  feet,  the  lowest  point  along  Spokane  Eiver  being  less  than  1,800 
feet  above  sea  level,  and  the  elevation  of  the  highest  point  in  a 
mountain  between  the  two  railroads  southeast  of  the  city  being 
3,700  feet.  It  presents  three  notable  topographic  features — a  broad, 
flat  valley  1,900  to  2,000  feet  above  the  sea,  a  level  plateau  2,300  to 
2,400  feet  above  the  sea,  and  the  mountainous  area  already  noted.  The 
plaLeau  is  a  constructional  feature  and  approximately  represents 
che  surface  of  the  Yakima  basalt,**  which  extends  westward  and 
southward  for  several  hundred  miles  underlying  the  wheat  lands  of 
the  Big  Bend  and  Palouse  countries.  It  is  well  represented  at  Moran 
Prairie,  west  of  the  Inland  Empire  Railroad  between  Spokane  and 
Silver  Hill.  Latah  Creek  occupies  a  narrow  canyon  cut  out  of  the 
plateau  west  of  the  prairie,  and  the  slopes  of  the  mountainous  area 
rise  more  or  less  abruptly  from  its  eastern  margin,  which  for  sev- 
eral miles  is  marked  by  the  line  of  the  Inland  Empire  road.  The 
topography  of  the  mountainous  area  is  not  remarkably  rugged,  and 
although  the  slopes  are  steep  in  many  places  they  are  usually  cov- 
ered with  soil.  Spokane  Valley,  several  miles  wide  and  300  feet 
lower  than  the  plateau,  extends  east  and  west  across  the  north  end 
of  the  area  mapped.  At  the  falls  in  the  center  of  the  city  the  river 
plunges  into  a  gorge  cut  below  the  valley  floor. 

The  history  of  this  topography  is  about  as  follows :  *  Previous  to 
the  outpouring  of  the  basalts,  the  region  south  and  west  of  Spokane 
was  one  of  well-developed  drainage,  with  mountains,  hills,  and  val- 
leys produced  by  erosion.  Then  occurred  one  of  the  most  remark- 
able volcanic  outbursts  that  the  earth  has  known.  The  old  topog- 
raphy for  hundreds  of  miles  was  submerged  in  seas  of  lava  and 
basalt,  which  welled  up  from  fissures  in  the  earth's  crust.  Only  the 
higher  mountains,  like  that  southeast  of  Spokane,  projected  above 
the  basalt  in  islands  and  promontories.  The  basalt  surface  was 
later  elevated  to  its  present  position,  and  the  rivers  and  creeks  flow- 
ing across  it  have  eroded  valleys  and  canyons  like  those  of  Spokane 
River  and  Latah  Creek.  This  subsequent  drainage  was  more  or 
less  modified  in  some  places  by  the  ice  invasion  during  the  glacial 
period,  but  there  is  no  evidence  of  ice  action  in  the  vicinity  of  Silver 
Hill. 

»  Smith,  G.  O.,  Water-Sup.  and  Irr.  Paper  No.  55,  U.  S.  Geol.  Survey  1901,  pp.  15-17, 
Calkins,  P.  C,  Water-Sup.  and  Irr.  Paper  No.  118,  U.  S.  Geol.  Survey,  1905,  pp.  30-45. 

^Willis,  Bailey,  Changes  in  river  courses  in  Washingrton  Territory  due  to  glaciation; 
Bull.  U.  S.  Geol.  Survey  No.  40,  1887,  pp.  7-8. 
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GEOIiOGY. 
GENERAL  CONDITIONS. 

The  geology  of  the  Spokane  region  has  not  been  examined  in  detail, 
but  the  rocks  of  the  vicinity  fall  into  three  groups  whose  relations  are 
known  in  a  general  way.  The  rocks  which  seem  to  be  the  oldest  in 
the  region  comprise  a  complex  mass  of  gneisses  and  schists  with  many 
igneous  intrusions  of  various  kinds.  These  rocks  form  the  mountains 
southeast  of  Spokane  and  contain  the  tin  deposits.  They  probably 
extend  westward  under  the  basalts  for  an  indefinite  distance.  South 
of  Spokane  such  rocks  crop  out  through  the  basalts  at  intervals  for 
40  or  50  miles,  and  they  are  almost  continuously  exposed  around  the 
northern  edge  of  the  basalt  area  to  the  north-central  part  of  the  State. 
Deposits  of  tungsten  ore  have  been  reported  from  them  near  Deer- 
trail,  Stevens  County,  40  miles  northwest  of  Spokane,  and  also  near 
Loomis,  Okanogan  County,  130  miles  distant  in  the  same  direction. 
East  of  the  crystalline  schists  and  gneisses  there  is  an  extensive  area 
of  only  slightly  metamorphosed  slates,  quartzites,  and  limestones 
which  have  been  studied  in  great  detail  in  the  Cocur  d'Alene  mining 
district  of  Idaho  ^  and  are  known  to  be  of  Algonkian  age.  The  con- 
tact relations  of  the  metamorphic  rocks  near  Spokane  with  the  Algon- 
kian rocks  have  not  been  definitely  determined,  although  the  former 
apparently  underlie  the  latter.  This  fact,  together  with  their  highly 
metamorphosed  condition,  suggests  strongly  that  the  gneisses  and 
schists  at  Spokane  are  older  than  the  Coeur  d'Alene  rocks  and  are, 
therefore,  Archean  in  age,  and  this  opinion  is  held  by  the  writer, 
although  he  is  aware  that  Carboniferous  fossils  have  been  obtained 
from  what  appear  to  be  rocks  of  the  same  complex  in  the  north- 
central  part  of  the  State. 

The  basalts  are  of  Miocene  age  and  overlap  the  crystalline  schists 
in  the  vicinity  of  Spokane,  their  eastern  limit  coinciding  approxi- 
mately with  that  of  Moran  Prairie.  For  several  miles  between 
Spokane  and  Silver  Hill  the  Inland  Empire  Railroad  follows  this 
contact. 

LOCAL  GEOLOGY. 

The  tin  deposits  occur  in  the  metamorphic  rocks  regarded  as  Ar- 
chean.  These  rocks  are  very  much  shattered  and  here  include  biotite 
gneisses,  dark-colored  quartzites,  and  mica  schists,  in  many  places 
graphitic  and  spotted  with  large  crystals  of  andalusite,  as  well  as 
numerous  intrusive  bodies  of  granite,  pegmatite,  aplite,  quartz,  and 
a  more  basic  rock  somewhat  resembling  basalt.     Exposures  in  the 

•  Ransome,  F.  L.,  Ore  deposits  of  the  Coeur  d'Alene  district :  Bull.  U.  S.  Geol.  Survey 
No.  260,  1904,  pp.  274-303.  Ransome,  F.  L.,  and  Calkins,  F.  C,  Geology  and  ore  de- 
posits of  the  Coeur  d'Alene  district,  Idaho:  Prof.  Paper  U.  S.  Geol.  Survey  No.  62  (in 
press). 
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railroad  cuts  indicate  that  the  structure  is  very  complex,  and  on  the 
map  (fig.  17)  the  schists  and  quartzites  are  not  differentiated  from 
the  gneisses,  owing  to  the  meager  evidence  afforded  by  the  outcrops. 
Dikes  or  veins  of  pegmatite,  aplite,  and  quartz  believed  to  be  aqueo- 
igneous  intrusions  in  the  metamorphic  rocks  make  the  most  conspicu- 
ous outcrops.  They  will  be  described  in  connection  with  the  ore  de- 
posits. The  larger  masses  of  such  rock  usually  have  their  longer 
dimensions  parallel  with  the  bedding  or  schistosity,  but  some  of  the 
smaller  veins  cut  across  it.  Near  their  contacts  with  the  surrounding 
rocks  these  veins  and  dikes  usually  consist  of  the  ordinary  pegmatite 
and  aplite  minerals — quartz,  orthoclase,  and  muscovite,  with  tourma- 
line and  in  some  places  apatite  as  accessory  constituents    The  larger 
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Fig.  17. — Sketch  map  showing  distribution  of  outcrops  of  granite,  pegmatite,  and  quartz 
at  Silver  Hill,  near  Spokane,  Wash.     See  text  for  explanation  of  reference  letters. 

masses  away  from  the  contacts  vary  greatly  in  composition.  Some 
of  them  contain  cassiterite  associated  with  more  or  less  sillimanite 
and  andalusite ;  others  consist  of  nearly  pure  quartz. 

Granite  occurs  in  stocks  or  bosses,  one  of  which  is  shown  on  the 
map  (fig.  17).  It  is  a  moderately  coarse-grained  rock  which  shows 
no  evidence  of  shearing,  and  consists  essentially  of  quartz,  biotite, 
and  both  orthoclase  and  plagioclase  feldspar,  having  approximately 
the  composition  of  monzonite.  Tungsten  ores,  wolframite  and  scheel- 
ite,  have  been  found  at  the  contact  of  this  granite  with  the  sedimen- 
tary rocks,  and  the  granite  is  regarded  as  a  possible  magma  from 
which  the  tin  ores  emanated. 
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The  metamorphic  rocks  exposed  in  the  railroad  cuts  include  some 
irregular  masses,  too  small  to  show  on  the  map,  of  a  reddish-brown 
igneous  rock  resembling  basalt,  and  what  is  thought  to  be  a  sill  of  the 
same  rock  cuts  one  of  the  bodies  of  tin  ore.  In  some  places  the  rock 
contains  small  veins  of  pegmatite  and  is  evidently  older  than  the 
latest  granitic  intrusions.  Although  the  specimens  obtained  of  this 
rock  are  more  or  less  weathered,  its  mineral  constituents  have  been 
partly  determined.  It  consists  essentially  of  plagioclase  feldspar, 
augite,  and  biotite,  and  is  tentatively  regarded  as  kersantite. 

The  distribution  of  the  rocks,  as  indicated  by  their  outcrops,  is 
shown  on  the  sketch  map  (fig.  17),  the  area  covered  being  about  20 
acres.  Pegmatites  and  aplites  of  varying  composition  are  in  many 
places  intimately  associated  with  masses  of  nearly  pure  granular 
quartz  and  are  not  differentiated  on  the  map  from  the  quartz  veins. 
Tin  ores  have  been  found  in  these  intrusives  at  the  four  points 
marked  a,  /,  A,  and  j.  The  principal  developments  for  tin  ore  con- 
sist of  an  open  cut  called  the  "  west  cut "  and  a  shaft  and  drift  at  the 
point  marked  a,  A  deep  shaft  at  the  point  /  and  a  tunnel  at  e  are 
old  excavations  made  on  an  outcrop  of  quartz  in  a  search  for  lead- 
silver  ores.  The  tunnel  at  e  crosscuts  the  strike  of  the  metamorphic 
rocks  and  exposes  a  thickness  of  about  100  feet  of  sedimentary  rocks, 
mostly  quartzite,  cut  by  many  small  veins  of  pegmatite  and  aplite. 
A  tunnel  at  the  point  marked  i  was  excavated  several  years  ago  in 
a  search  for  coal,  the  rock  discovered  being  a  very  black,  smutty 
graphitic  schist,  spotted  with  large  phenocrysts  of  andalusite.  An 
open  cut,  called  the  "  east  cut,"  near  the  point  h  exposes  a  contact  of 
granite  with  quartzite  along  which  tungsten  ores  have  been  found. 

Veins  of  granular  quartz  containing  some  silver-bearing  galena  are 
exposed  at  the  points  marked  h  and  rf,  and  several  outcrops  of  similar 
quartz  in  which  no  metallic  minerals  have'belen  found  are  located 
near  the  point  inarked  g, 

THE  TIN  ORE. 

CHARACTER. 

The  cassiterite  found  at  Silver  Hill  is  nearly  black  and  without 
definite  crystal  outlines.  It  is  distributed  through  a  nearly  white 
fine-grained  rock  characterized  by  slight  tinges  of  pink,  in  grains 
from  the  size  of  a  pin  head  to  several  inches  in  diameter.  An  analysis 
of  the  crushed  rock  from  which  the  cassiterite  had  been  removed  by 
panning  gave  the  following  result: 
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Analysis  of  tin-hearing  rock  at  Silver  Hilly  Washington. 

[Richard  Marsh,  analyst.] 

SiOs - 74.02 

Fe 2.24 

Mg 1. 22 

CaO ; ^ 2. 28 

AlaO. 17. 05 


96.81 

When  examined  with  a  lens,  the  peculiar  appearance  of  the  gangue 
is  found  to  be  due  largely  to  a  fine  fibrous  mineral  in  radiating 
aggregates.  All  masses  of  this  rock  that  have  been  examined  shade 
off  into  bodies  of  nearly  pure  sugary  granular  quartz,  much  of  it 
yellowish  from  iron  stain.  Where  the  tin-bearing  rock  joins  the 
quartz  the  two  interlock  along  the  contact,  producing  a  texture  re- 
sembling that  of  pegmatite.  This  texture  is  much  more  evident  in  a 
large  outerop  marked  c  on  the  sketch  map  (fig.  17) ,  in  which;  to  cassi- 
terite  has  been  found.  Characteristic  pegmatite  consisting  of  coarse- 
grained quartz,  orthoclase,  muscovite,  and  black  tourmaline  occurs  at 
the  contact  of  the  tin  ore  with  the  hanging  wall  at  the  west  cut  (a, 

fig.  IT). 

The  mineral  characteristics  of  the  tin-bearing  rock  were  determined 
microscopically  in  thin  sections.  It  consists  essentially  of  quartz, 
orthoclase  feldspar,  sillimanite  in  slender  radiating  crystals,  and  a 
highly  refractive,  faintly  pleochroic  mineral  without  definite  out- 
lines, which  has  been  determined  as  andalusite.  There  are  also 
patches  of  sericite  and  kaolin.  The  quartz  contains  minute  fluid  and 
gaseous  inclusions  arranged  in  parallel  lines  along  many  of  which 
fractures  have  been  developed.  The  feldspars  are  slightly  clouded  in 
the  thin  sections  examined,  but  present  no  evidence  of  decomposition 
other  than  weathering.  Where  feldspar  is  in  contact  with  andalusite 
or  sillimanite  its  boundaries  are  distinct,  and  here  and  there  silli- 
manite fibers  are  included  in  the  quartz.  Neither  fluorite  nor  lithia 
mica  has  been  identified  in  the  tin  ores  or  the  inclosing  rocks.  The 
cassiterite  as  seen  in  the  thin  section  presents  no  evidence  of  being 
due  to  secondary  deposition.  Except  for  the  andalusite  the  mineral 
characteristics  of  the  ore-bearing  rock  are  similar  to  those  of  a  rather 
fine-grained  pegmatite. 

Sillimanite  has  often  been  found  as  a  constituent  of  granite  and 
pegmatite,  but  andalusite  has  seldom,  if  ever,  been  reported  as  a  con- 
stituent of  pegmatite,  and  in  no  instance  known  to  the  writer  has  it 
been  found  in  association  with  tin  ore,  though  it  has  been  reported 
as  a  constituent  of  granite  masses  near  their  contacts.  The  inclusion 
of  andalusite  in  this  pegmatite  mass  is,  therefore,  apparently  a  unique 
occurrence.  Many  of  the  inclosing  schists  contain  andalusite  as  an 
essential  constituent,  and  it  is  probable  that  the  andalusite  of  the  ore 
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bodies  has  in  some  way  been  derived  from  them,  for  there  is  no  evi- 
dence of  its  having  been  produced  by  the  decomposition  of  the  feld- 
spars. Examination  of  a  number  of  thin  sections  of  the  granular 
quartz  associated  with  these  ore  bodies  shows  that  the  rock  consists 
of  rather  large  interlocking  grains  of  quartz  with  only  scattered 
foils  of  muscovite  mica.  The  quartz  grains  are  marked  by  parallel 
lines  of  inclusions  and  fracture  planes,  like  the  quartz  of  the  tin  ore, 
and  the  texture  also  seems  to  be  similar.  These  masses  of  quartz  are 
regarded  by  the  writer  as  more  siliceous  portions  of  the  pegmatite 
bodies,  due  to  a  different  phase  of  the  same  aqueo-igneous  action. 
Pegmatites  and  aplites  are  regarded  as  products  of  granite  intrusions 
in  which  the  more  siliceous  minerals  are  concentrated.  When  granite 
masses  gradually  cool  and  solidify  the  dark-colored  minerals  crys- 
tallize more  readily  than  the  siliceous  minerals  such  as  quartz  and 
orthoclase,  and  in  the  last  stages  of  consolidation  the  portions  remain- 
ing liquid  contain  an  excess  of  silica,  together  with  a  large  percentage 
of  the  water  contained  in  the  whole  of  the  original  magma.  The 
material  is  practically  a  solution  of  siliceous  minerals  in  superheated 
water,  and  if  it  escapes  into  fissures  in  the  surrounding  rocks  it  forms 
pegmatite  dikes  near  the  sources  of  emanation  and  may  deposit  quartz 
veins  farther  away. 

The  cassiterite  at  Silver  Hill  is  apparently  an  original  constituent 
of  the  pegmatite.  In  this  respect  the  Spokane  tin  ore  resembles  that 
of  North  Carolina  ^  and  the  Black  Hills.  Silver-bearing  galena, 
wherever  it  has  been  found,  is  confined  to  the  more  siliceous* veins. 
Wolframite  and  scheelite  also  seem  to  be  associated  with  the  masses 
of  quartz  near  their  contacts  with  the  granite  or  pegmatites.  In  the 
open  cut  along  the  contact  of  granite  and  quartzite  at  the  point 
marked  h  (fig.  17),  and  also  in  the  main  shaft  at  the  point  inarkied  a, 
these  ores  form  nodules  up  to  2  inches  in  diameter  in  masses  of  nearly 
pure  quartz.  Scheelite  is  more  common  than  wolframite,  and  was 
probably  deposited  first.  Some  of  the  nodules  of  scheelite  are  sur- 
rounded by  a  thin  crust  or  rim  of  wolframite.  Mr.  A.  R.  Whitman 
has  inferred  from  this  that  the  scheelite  was  first  deposited  arid  after- 
wards partly  altered  to  wolframite  bj'^  solutions  containing  iron  and 
manganese.  The  alternative  hypothesis,  that  the  wolframite  was 
originally  deposited  as  such  around  the  scheelite  nodules,  is  equally 
possible,  however,  and  equally  well  supported  by  the  evidence  at  hand. 

DEVELOPMENTS  AND  FORM  OF  ORE  BODIES. 

Tin  ore  of  the  type  described  has  been  found  at  four  localities  in 
this  area.  At  the  point  /  (fig.  17)  a  large  bowlder  of  such  ore  was 
found  on  the  surface  near  the  old  shaft.    At  the  point  h  a  bowlder 

<*  Graton,  L.  C,  Gold  and  tin  deposits  of  the  southern  Appalachians :     Bull.  U.  S.  Geol. 
Survey  No.  293,  1906,  p.  82. 
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weighing  about  500  pounds  and  containing  approximately  10  per 
cent  of  cassiterite  was  found,  but  it  was  not  traced  to  its  bed-rock 
source,  although  considerable  excavating  has  been  done.  At  the  point 
j  there  is  an  extensive  outcrop  of  andalusite-bearing  pegmatite  like 
that  containing  the  ore,  but  only  a  small  amount  of  cassiterite  has 
been  found  in  a  few  small  fragments  on  the  surface. 

The  principal  workings  and  the  largest,  amount  of  tin  ore  found 
are  at  what  is  known  as  the  "  west  cut  "  (a,  fig.  17).  This  ore  body 
was  first  developed  by  an  open  cut  150  feet  long,  in  which  a  mass  of 
pegmatite  and  quartz  was  uncovered.  The  tin-bearing  rock  dips  to 
the  southwest  at  an  angle  of  about  45°,  and  lies  between  well-defined 
walls.  The  hanging  wall  is  a  biotite  gneiss  or  gneissoid  granite  with 
the  foliation  parallel  to  the  ore  body.  The  foot  wall  consists  of 
quartzite  and  black  andalusite  schist,  but  owing  to  the  fact  that 
there  is  a  casing  of  more  or  less  altered  rock  along  the  contact  of  the 
ore  with  the  foot 
wall,  the  attitude 
of  the  bedding  or 
schistosity  has  not 
been  definitely  de- 
termined. A  sill 
of  the  basaltic 
rock,  provision- 
ally determined  as 
kersantite,  divides 
the  vein  into  an 
upper  and  a  lower 
portion.  This  sill 
ends  abruptly 
against  the  hang- 
ing  wall,  but 
probably  extends  for  some  distance  into  the  foot  wall.  It  dips 
toward  the  northwest  at  an  angle  of  about  5",  and  reaches  the  floor 
at  the  end  of  the  cut.  The  relations  of  the  different  rocks  exposed 
are  shown  in  the  section  (fig.  18).  A  small  amount  of  cassiterite  was 
found  very  much  disseminated  through  the  pegmatite  above  the  ker- 
santite sill.  Below  this  sill  the  pegmatite  for  20  or  30  feet  contained 
sufficient  cassiterite  to  make  it  a  commercial  ore.  The  mineral  was 
most  abundant  in  the  central  part  of  the  pegmatite  mass.  The  maxi- 
mum thickness  of  ore  found  at  any  point  was  probably  not  less  than 
10  feet  From  the  point  where  the  richest  ore  was  found  a  shaft  has 
been  sunk  to  a  depth  of  125  feet  on  an  incline  of  approximately  45°. 
In  depth  the  pegmatite  is  displaced  by  barren  quartz  on  the  hanging 
wall,  as  is  shown  in  the  section  (fig.  18).  Some  cassiterite  was 
found  to  a  depth  of  50  feet,  although  -it  gradually  decreases  in 
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amount  below  the  bottom  of  the  cut.  Below  the  100-foot  level  the 
walls  of  the  ore  body  come  together,  and  for  some  distance  the  vein 
or  dike  is  not  well  defined,  although  large  nodules  of  tungsten  ore 
have  been  found.  On  the  100-foot  level  a  drift  has  been  run  to  the 
north  for  a  distance  of  100  feet.  This  drift  is  partly  in  barren  quartz 
and  partly  in  the  pink  pegmatite  regarded  as  tin-bearing  rock. 
About  35  feet  from  the  shaft  this  rock  contained  a  notable  amount  of 
cassiterite,  and  part  of  it  was  rich  enough  to  be  regarded  as  tin  ore. 
At  the  end  of  the  drift  a  second  sill,  probably  of  kersantite,  was  en- 
countered dipping  to  the  southeast.  These  excavations  have  gone  far 
enough  to  show  that  the  tin-bearing  intrusion  is  of  irregular  form, 
that  the  tin  is  not  uniformly  distributed  through  it,  and  that  it  may 
be  confined  to  an  ore  shoot  pitching  to  the  northwest. 

VALUE  OF  THE  ORE. 

In  the  course  of  these  excavations  the  tin  ore  has  been  carefully 
selected  from  the  barren  rock  and  piled  on  the  dump,  where,  at  the 
present  time,  there  is  probably  from  100  to  200  tons.  The  quantity 
was  roughly  estimated  at  125  tons  by  the  writer.  It  is  exceedingly 
difficult  to  make  a  close  estimate  of  the  value  of  this  ore,  as  it  con- 
sists of  pieces  varying  in  size  up  to  100  pounds  or  more,  in  which 
the  cassiterite  is  unevenly  distributed  in  grains  from  the  size  of 
a  pin  head  to  several  pounds  in  weight.  Mr.  Richard  Marsh  has 
estimated  the  cassiterite  or  black  tin  contained  at  6  per  cent.  Mr. 
A.  R.  Whitman  estimates  the  metallic  tin  at  3  per  cent.  From  an 
inspection  of  the  dump,  the  writer  is  of  the  opinion  that  the  former 
estimate  may  be  more  nearly  correct.  The  cassiterite  is  reported  by 
both  Mr.  Marsh  and  Mr.  Whitman  to  be  remarkably  free  from  im- 
purities, "and  it  is  believed  that  a,  concentrate  containing  70  per  cent 
metallic  tin  can  be  obtained.  Scheelite  and  wolframite  in  small  quan- 
tities have  been  found  at  a  number  of  places  in  this  vicinity,  but 
they  are  not  closely  associated  with  the  cassiterite  in  the  lodes,  and 
are  not  found  in  the  concentrates.  At  present  prices  (February, 
1908),  metallic  tin  is  worth  about  28  cents  per  pound,  and  tungsten 
ores  are  worth  twice  as  much  per  unit  <*  as  the  tin  ore.  The  tailings 
resulting  from  milling  this  ore  make  white  sand  of  good  quality, 
for  which  builders  in  Spokane  are  reported  to  be  willing  to  pay  as 
much  as  75  cents  a  ton. 

a  The  unit  referred  to  Is  1  per  cent  of  metal  contained  In  2,000  pounds  of  ore.  For  the 
fluctuations  In  the  price  of  tin  and  the  tungsten  minerals,  see  Mineral  Resources  for  1906, 
U.  S.  Geol.  Survey,  1907.  This  report  can  he  ohtalned  on  application  to  the  Director  of 
the  Survey. 
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PROSPECTING  FOR  PliACER  TIN. 

The  mountain  mass  from  which  Silver  Hill  is  a*  spur  owes  its 
present  contour  to  erosion,  and  the  tin  ores  from  the  portions  thus  re- 
moved should  be  concentrated  in  stream  gravels  at  no  very  great  dis- 
tance; the  quantity  of  such  placer  tin,  if  it  could  be  determined, 
would  be  an  index  to  the  quantity  of  tin  in  the  lodes.  No  tin-bearing 
gravels  have  yet  been  discovered,  but  very  little  prospecting  for  such 
deposits  has  been  done.  As  has  been  noted,  most  of  the  erosion  of 
the  mountain  mass  was  accomplished  before  the  outpouring  of  the 
basalts  which  filled  all  the  valleys  and  submerged  the  lower  hills. 
It  is  to  be  expected,  therefore,  that  the  greater  part  of  the  tin-bearing 
gravels,  if  such  exist,  are  buried  below  the  basalts  and  may  never 
be  discovered. 

CONCIiUSIONS. 

Inasmuch  as  cassiterite  is  a  mineral  not  affected  by  processes  of 
secondary  or  surface  enrichment,  and  in  the  present  instance  it  is  an 
original  constituent  of  the  igneous  rocks  in  which  it  occurs,  it  is 
reasonable  to  expect  that  the  quantity  of  ore  exposed  in  outcrop  will 
approximate  that  to  be  found  at  lower  levels.  The  ore  is  contained  in 
rather  irregular  aqueo-igneous  veins  or  dikes,  several  of  which  outcrop 
in  the  area  under  examination.  It  has  been  found  in  four  such  out- 
crops, one  of  which  yielded  approximately  125  tons  of  ore.  The  others 
produced  smaller  amounts,  but  may  not  have  been  thoroughly  pros- 
pected. No  bodies  of  tungsten  ore  large  enough  to  be  of  economic 
value  have  been  discovered  up  to  the  present  time. 

Veins  and  dikes  of  pegmatite  are  not  uncommon  elsewhere  in  the 
metamorphic  rocks  of  this  region,  which  are  continuously  exposed 
for  several  miles  to  the  east  and  outcrop  at  intervals  for  at  least  40 
miles  to  the  south.  No  cassiterite  has  yet  been  found  in  these  rocks 
except  at  Silver  Hill,  but  such  discoveries  are  to  be  expected. 

The  developments  at  Silver  Hill  indicate  that  the  tin  ore  is  to  be 
found  in  detached  masses  whose  relations  to  each  other  can  not  yet 
be  forecast,  and  the  economic  value  of  the  deposit  will  depend  to 
a  considerable  extent  on  the  amount  of  excavation  necessary  to  lo- 
cate other  ore  bodies.  This  can  be  determined  only  by  experience 
involving  a  further  outlay  of  capital  and  possibly  requiring  several 
years'  time,  but  the  discoveries  already  made  are  of  sufficient  value 
to  warrant  such  investigations. 
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AN  ESTIMATE  OF  THE  TONNAGE  OF  AVAILABLE  CLIN- 
TON IRON  ORE  IN  THE  '  BIRMINGHAM  DISTRICT, 
ALABAMA. 


By  Ernest  F.  Burchard. 


i:n^troi>ucti()n. 

In  a  previous  paper'*  it  was  stated  that  a  forthcoming  more  detailed 
report  on  the  iron  ores  of  the  Birmingham  district  would  contain  an 
estimate  of  the  red-ore  reserves  in  the  district.  This  detailed  report 
has  been  completed,  and  it  is  expected  that  it  will  be  published  some 
time  after  July  1,  1908.  The  above-mentioned  estimate  of  ore  re- 
serves has  been  prepared  by  the  writer  and  included  in  the  text  of  the 
detailed  report,  but  for  the  sake  of  more  prompt  publicatioi\it  is  given 
here,  necessarily,  however,  without  the  mass  of  data,  comprising 
measurements  of  thickness  and  extent  of  ore  seams,  and  the  chemical 
analyses  and  other  experimental  results  on  which  the  calculations  are 
based. 

By  the  Birmingham  district  is  meant  the  area  from  which  the  fur- 
naces at  Birmingham,  Ensley,  and  Bessemer  derive  their  iron  ores, 
and  it  is  practically  coextensive  with  Birmingham  Valley,  the  heart  of 
the  Alabama  red-ore  field.  This  valley  extends  from  the  vicinity  of 
Springville,  on  the  northeast,  beyond  Vance  on  the  southwest,  and 
from  the  Warrior  coal  field,  or  Sand  Mountain,  on  the  northwest,  to 
the.  Cahaba  coal  field,  or  Shades  Moimtain,  on  the  southeast.  To  the 
southwest  the  inclosing  ridges  pass  below  unconsolidated  Cretaceous 
and  Tertiary  clays  and  sands,  so  that  the  iron-bearing  rocks  are 
deeply  buried.  Birmingham  Valley  therefore  has  a  length  of  nearly 
75  miles,  an  average  width  of  more  than  6  miles,  and  an  area  of  450  to 
500  square  miles. 

The  red  ores  occur  in  the  Clinton  (Rockwood)  formation,  which 
consists  of  shale,  sandstone,  iron  ore,  and  a  little  ferruginous  lime- 
stone. This  formation  extends  m  a  northeast-southwest  direction  on 
both  sides  of  the  valley,  dipping  away  from  it  on  each  side,  and  there 
are  a  few  small  areas  or  strips  within  the  valley,  principally  in  its 

a  Burchard,  E.  F.,  The  Clinton  or  red  ores  of  the  Birmingham  district,  Alabama:  Bull.  U.  S.  Geol.  Sur- 
vey No.  316,  1907,  p.  150. 
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southwestern  portion,  but  only  in  Red  Mountain  has  the  ore  been 
found  of  sufficient  thickness  and  purity  to  be  worked  on  an  important 
scale.  The  geologic  relations  of  the  rocks  and  ores  have  been  described 
in  the  paper  previously  mentioned." 

DIVISIONS  OF  THE  DISTRICT. 

Owing  to  the  considerable  extent  of  Birmingham  Valley,  to  the 
distribution  of  the  ore  beds  along  the  margins  and  at  the  ends  of  the 
valley,  and  to  the  variation  in  the  character  of  the  ore  from  place  to 
place,  the  district  has  been  divided,  for  convenience  of  description  in 
the  complete  paper,  into  seven  parts.  The  order  of  the  divisions 
from  A  to  G  represents  in  a  general  way  their  commercial  importance, 
based  on  quality  of  ore,  quantity  of  ore,  structure  of  ore  beds,  accessi- 
bility, and  distance  from  smelters.  It  should  be  understood,  how- 
ever, that  this  outline  of  divisions  is  not  intended  as  a  definite  esti- 
mation or  appraisal  of  relative  values.  Such  facts  as  were  obtained 
in  the  field  study  of  the  district  will  be  presented  in  the  later  report, 
so  that  interested  persons  may  draw  their  own  conclusions  therefrom. 

Division  A  includes  that  part  of  Red  Mountain  which  extends  from 
Morrow  Gap,  in  sec.  32,  T.  16  S.,  R.  1  W.,  southwestward  to  Sparks 
Gap,  in  sec.  32,  T.  19  S.,  R.  4  W.,  a  distance  of  about  26  miles.  This 
is  the  only  portion  of  the  district  considered  in  the  present  paper, 
and  its  outline  is  shown  in  fig.  19. 

All  but  two  of  the  productive  mines  of  the  district  are  in  this  strip 
of  Red  Mountain.  In  all  there  were  30  workings  in  operation  in 
1906^  including  slopes,  open  cuts,  and  combination  mines.  These 
mines  are  served  by  the  Birmingham  Mineral  Division  of  the  Louis- 
ville and  Nashville  Railroad,  which  is  built  along  the  slope  of  the 
ridge  100  to  350  feet  below  the  summit.  The  railroad  runs  first  on 
one  side  of  the  mountain,  then  on  the  other,  threading  its  way  back 
and  forth  through  several  natural  passageways,  such  as  Sadlers  Gap, 
Lone  Pine  Gap,  Walker  Gap,  and  Readers  Gap.  From  Readers  Gap 
it  runs  into  Bessemer,  with  a  spur  extending  southwestward  along 
the  ridge  to  the  Potter  slopes.  Some  mines,  especially  those  in  that 
part  of  the  mountain  where  the  railroad  passes  along  the  west  side, 
are  so  situated  that  their  tipples  can  be  built  directly  on  a  siding. 
Others,  facing  the  east,  have  built  spurs  reaching  back  into  lateral 
ravines.  Through  Red  Gap,  between  Irondale  and  Gate  City,  five 
railroads  enter  Birmingham  from  the  east  and  north;  at  Graces  Gap 
the  Louisville  and  Nashville  Railroad  passes  southward  across  the 
Cahaba  coal  field  to  the  Gulf,  and  at  Sparks  Gap  the  Southern  Rail- 
way finds  an  outlet  southeastward.  This  portion  of  the  district  is 
therefore  well  supplied  with  transportation  lines  and  consequently 
its  development  has  been  facilitated. 

a  Buichard,  E.  F.,  op.  cit.,  pp.  132-146. 
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In  July,  1906,  the  deepest  slope  in  Red  Mountain  was  reported  to 
be  more  than  1,800  feet  long.  Three  other  slopes  have  been  driven 
for  nearly  1,800  feet  each,  and  there  were  twelve  slopes  between  900 
and  1,500  feet  long.  All  the  slopes  900  feet  or  more  in  length  are  in 
the  strip  of  mountain  southwest  of  Birmingham.  The  newer  mines 
at  the  extremities  of  the  district  have  slopes  ranging  between  260 


Fio.  19,— Sketch  map 


divisions  on  which  are  bated  eBtiinatea  of  iron 


and  800  feet  in  length.  The  deepest  slope  goes  down  on  beds  whose 
average  dip  ia  about  22°,  so  that  its  present  depth  is  about  650  feet 
below  the  level  of  the  valley  at  a  point  directly  above  the  bottom  of 
the  slope.  Projected  at  the  same  angle  to  a  point  directly  below 
Little  Shades  Creek  the  slope  would  have  a  length  of  about  6,400  feet 
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and  a  depth  below  the  creek  of  1,800  feet.  It  is  not  known  whether 
the  ore  extends  with  an  unchanged  dip  and  thickness  to  this  depth. 
Drill  records  obtained  farther  south  in  Shades  Valley  indicate  that 
the  ore  beds  with  their  associated  strata  flatten  out  and  locally  rise 
toward  the  surface.  The  surface  rocks  in  the  valley  indicate  irregu- 
larities in  structure,  including  faulting,  which  would  naturally  be 
shared  by  the  beds  below.  y 

No  great  deterioration  in  either  quality  or  thickness  of  the  hard 
ore  in  the  direction  of  the  dip  has  yet  been  disclosed  by  the  deeper 
slopes — an  encouraging  fact  in  so  far  as  it  can  be  used  as  a  measure 
of  the  ore  ahead  of  shorter  slopes.  At  one  of  the  larger  mines,  cen- 
trally located,  systematic  analyses  have  been  made  of  the  ore  at 
intervals  of  a  few  feet  from  the  outcrop  to  the  bottom  of  the  slope 
and  throughout  the  extent  of  each  entry  to  the  right  and  left  of  the 
slope.  The  composition  of  the  ore  has  been  found  to  vary  appre- 
ciably from  place  to  place  and  the  degree  of  variation  is  likely  to  be 
as  great  within  a  few  yards  as  it  is  between  remote  parts  of  the  mine, 
but  the  average  run  of  the  hard  ore  in  the  mine  is  remarkably  regular.  . 
The  facts  brought  out  by  this  series  of  analyses  show  that  the  content 
of  metallic  iron  increases  about  1  per  cent  for  each  1,000  feet  below 
the  upper  limit  of  the  hard  ore,  that  the  lime  (CaO)  decreases  about 
1  per  cent  in  the  same  distance,  and  that  the  silica  content  increases 
a  trifle.  Slightly  different  facts  are  shown,  however,  by  a  series  of 
analyses  of  ore  from  a  mine  also  on  the  Big  seam,  northeast  of  Bir- 
mingham, and  distant  about  18  miles  from  the  mine  just  mentioned. 
Here  the  lime  is  increasing  slightly  with  the  depth,  while  the  insoluble 
material  as  well  as  the  iron  is  decreasing  slowly.  This  change  can  be 
accounted  for,  in  all  probability,  by  the  fact  that  the  iron  ore  here  is 
still  being  mined  from  the  zone  of  transition  from  soft  to  hard  ore 
and  that  the  completely  hard  ore  has  not  yet  been  reached. 

Studies  by  members  of  the  Alabama  Geological  Survey  extending 
over  many  years  have  shown  that  the  CUnton  (Rockwood)  forma- 
tion tends  to  thin  out  and  become  sandier  toward  the  southeast. 
There  is  no  reason  why  this  change  should  not  be  shared  proportion- 
ately by  the  inclosed  ore  beds,  and  it  is  beUeved  that  the  drill  records 
just  referred  to  indicate  that  such  is  the  case.  However,  the  com- 
plete drill  records  available  from  the  valley  east  of  Red  Mountain  are 
so  few  that  reliable  conclusions  can  be  based  on  them  only  regarding 
that  part  of  the  ore  basin  which  lies  in  the  southern  third  of  the  dis- 
trict. Ore  can,  perhaps,  be  expected  to  underlie  the  valley  south- 
east of  Red  Mountain,  probably  as  far  as  Shades  Mountain.  The 
width  of  Shades  Valley  is  a  rough  indication  of  the  relative  extent  of 
the  Red  Mountain  ore  toward  the  southeast,  and  the  width  of  the 
valley  is  sensibly  greater  southwest  than  it  is  northeast  of  Readers 
Gap. 
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ORIGIN  OF  THE  ClilNTON  ORE  Al^D  ITS  BEARING  ON  ORE 

8UPPIjY.o 

The  answer  to  the  question  as  to  how  the  ores  were  formed  has  a 
very  practical  bearing  on  the  extent  and  quantity  of  unexploited  ore. 
Several  theories  have  been  advanced  to  explain  its  formation  and 
three  of  these  have  received  attention  from  persons  who  have  con- 
sidered the  subject.  Briefly  the  processes  may  be  outhned  as  fol- 
lows: 

1.  Original  deposition:  The  ores  were  formed  at  the  same  time  as 
the  rocks  with  which  they  are  associated. 

2.  Residual  concentration:  The  ore  beds  represent  the  weathered 
outcrops  of  ferruginous  limestones,  from  which  the  Ume  and  other 
soluble  matter  have  been  leached. 

3.  Replacement:  The  ores  have  been  formed  by  the  replacement 
of  beds  of  hmestone  by  iron-bearing  waters,  and  are  therefore  of 
much  later  origin  than  their  inclosing  rocks. 

If  the  ore  beds  are  due  to  replacement  or  to  surface  decay  of  lime- 
stone beds  they  can  be  expected  to  decrease  in  value  regularly  and 
at  a  fairly  rapid  rate  with  distance  from  the  outcrop,  until  the  beds 
consist  entirely  of  limestone.  Moreover,  this  condition  should  be 
encountered  within  distances  less  than  the  lengths  of  some  present 
mine  slopes. 

If,  however,  the  ores  originated  with  their  inclosing  rocks,  no  regu- 
lar decrease  in  richness  is  to  be  expected  as  the  beds  are  exploited 
deeper  beyond  the  Umit  of  soft  or  leached  ore.  Areas  of  low-grade 
Ore  or  even  barren  rock  may.  be  struck,  but  such  areas  are  the  result 
of  original  deposition,  and  a  mine  slope  may  pass  onward  through 
such  a  patch  of  lean  ore  or  rock  into  ore  of  good  grade.  Finally,  the 
ore  bed  may  be  expected  to  thin  and  disappear  or  to  spUt  and  become 
shaly,  and  in  this  way  to  so  deteriorate  as  to  become  unprofitable  to 
work,  but  unless  structural  compUcations  render  it  unworkable  the 
ore  should  continue  down  the  dip  of  Red  Mountain  well  toward 
Shades  Mountain. 

It  may  be  stated  that  all  the  new  facts  observed  in  the  course  of 
the  work  in  the  Birmingham  district  are  in  accordance  with  the 
hypothesis  that  the  ore  is  the  result  of  original  deposition  of  ferrugi- 
nous sediments.  The  transition,  vertically,  between  sandstone  and 
ore  or  between  shale  and  ore  is  as  sharp  as  that  between  coal  and  its 
inclosing  rocks.  The  variation  in  composition  of  an  ore  bed  from 
place  to  place  is  not  unUke  the  local  changes  in  composition  and 
character  of  a  coal  bed.  The  lensUke  form  of  the  beds  is  common  to 
both  coal  and  ore.  Finally,  as  the  lens  thins,  whether  of  coal  or  of 
ore,  it  tends  to  become  shaly  and  sihceous  rather  than  calcareous. 
That  the  ore  is  due  entirely  to  the  replacement  of  limestone  seems 

oThis  subject  is  discussed  much  more  fully  by  Mr.  E.  C.  Eckel  in  the  complete  report. 
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hardly  possible  when  it  is  considered  that  instead  of  a  marked  decrease 
in  percentage  of  iron  and  an  increase  in  that  of  hme,  with  depth,  until 
the  bed  becomes  a  Umestone,  very  Uttle  tendency  toward  that  condi- 
tion has  been  noted.  The  lime  in  the  bed  is  perhaps  an  accessory 
deposit,  as  is  the  siUca.  The  term  ''depth''  in  this  connection  may 
be  subject  to  misconception,  for  the  sediments  were  deposited  in  a 
horizontal  position,  or  nearly  so,  and  their  present  attitudes  are  the 
result  of  subsequent  foldings.  The  depth  to  which  the  beds  now 
extend  is  therefore  incidental,  and  in  no  way  affects  their  character 
beyond  the  soft-ore  Umit.  Indeed,  the  best  criterion  for  judging  the 
character  of  the  unexploited  ore  beds  in  the  direction  of  their  dip,  or 
in  the  basin  southeast  of  Red  Mountain,  is  the  strike  section  of  the 
same  beds  that  has  been  afforded  by  the  mine  workings,  From  north- 
west to  southeast  there  are  likely  to  occur  changes  similar  in  nature 
to  those  that  are  known  to  take  place  from  northeast  to  southwest, 
although  the  changes  will  probably  be  found  to  be  more  abrupt,  for 
the  reason  that  the  former  direction  is  toward  the  shore  of  the  water 
body  in  which  the  sediments  were  deposited,  whereas  the  latter  is 
parallel  to  this  shore.  Keeping  all  these  possibiUties  in  mind  and 
using  such  data  as  are  suggested  below,  the  geologist  or  the  engineer 
should  be  able  to  make  a  fairly  close  estimate  of  the  tonnage  of  the 
red-ore  reserves  in  the  district,  or  in  any  portion  of  it. 

METHOD  OF  MAKING  ESTIMATES. 

First,  the  area  should  be  divided  into  parts  in  somewhat  the  man- 
ner outUned  on  page  309.  Then  each  division  should  be  subdivided 
again  and  again  until  areal  units  are  obtained  in  which  the  cubical 
contents  of  the  ore  can  be  calculated  with  not  more  than  10  per  cent 
of  error.  The  percentage  of  recoverable  ore  should  enter  into  the 
calculations,  as  weU  as  the  specific  gravity  of  hard  ore  carrying  not 
more  than  the  average  percentage  of  metallic  iron. 

THE  ORE  RESERVES  IN  DIVISION  A. 

It  has  been  stated  that  red  ore  might  be  expected  to  underlie  the 
valley  southeast  of  Red  Mountain  probably  as  far  as  Shades  Moun- 
tain, and  there  are  indications  that  it  extends  still  farther,  as  a  thin 
ore  seam  is  brought  to  the  surface  by  faults  east  of  Cahaba  River.  It 
is  hardly  probable,  however,  that  the  ore  continues  with  workable 
thickness  beyond  the  line  of  Shades  Mountain,  and  it  is  not  likeiy  that 
it  continues  workable  that  far  toward  the  southeast,  to  judge  from 
the  thinness  of  the  seam  where  it  is  faulted  up,  and  from  drill  records 
in  Shades  Valley.  The  lenslike  character  of  the  ore  beds  and  the 
thinning  and  other  changes  in  the  beds  that  take  place  more  abruptly 
at  right  angles  ^o  the  ancient  shore  line  than  parallel  to  it  make  it 
reasonable  to  assume  that  at  a  certain  distance  from  the  outcrop  the 
ore  bed  will  naturally  become  so  thin  as  to  be  negligible.     Structural 
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conditions  indicate  that  this  Une,  which  contains  what  may  be  called 
the  ^ Evanishing  point''  of  the  ore,  lies  below  Shades  Mountain,  the 
border  of  the  heavy  cover  of  coal  measures  to  the  southeast.  As 
there  are  several  seams  of  ore,  this  maximum  distance  naturally 
applies  to  the  largest  and  most  persistent  bed,  viz,  the  Big  seam.  The 
other,  smaller  seams,  such  as  the  Ida  and  the  Irondale,  probably  would 
not  continue  so  far,  to  judge  from  their  extent  and  the  relations  exhib- 
ited along  their  strike.  If  there  is  a  vanishing  point,  or  a  point 
beyond  which  the  ore  continues  only  a  few  inches  in  thickness,  it  will 
not  be  practicable  to  mine  the  ore  as  far  as  this  point,  and  the  limit 
to  which  it  wiU  pay  to  drive  slopes  will  be  determined  by  the  minimum 
thickness  at  which  the  ore  can  be  mined  with  profit.  In  using  these 
factors,  some  of  which  are  to  a  certain  extent  hypothetical,  as  a  basis 
for  estimating  the  tonnage  of  ore  still  in  the  ground  in  Division  A,  it 
is  also  necessary  to  assume  that  there  is  a  fairly  regular  decrease  in 
thickness  of  the  seams  from  their  outcrop  to  the  vanishing  point,  and 
that  therefore  they  form  long,  wedge-shaped  bodies,  the  thick  end  of 
the  wedge  lying  along  the  outcrop  on  Red  Mountain,  and  the  thin  end, 
somewhat  less  regular  in  outline,  lying  below  the  crest  of  Shades 
Mountain,  with  the  limit  of  workabiUty  following  a  northeast- 
southwest  line  intermediate  between  the  two  extremes. 

An  estimate  of  the  ore  reserves  in  Division  A  has  been  made  in 
connection  with  the  study  of  this  subject,  but  the  fact  is  here  empha- 
sized that  while  many  more  details  have  been  considered  than  there  is 
space  to  enumerate  here  or  necessity  for  describing  at  present,  the 
estimate  must  be  regarded  as  only  approximate.  The  tonnage  of  ore 
that  should  be  contained  under  the  assumed  conditions,  first  in  the 
Irondale  seam,  from  Morrow  Gap  to  Clifton  Gap,  and  second  in  the 
Big  seam,  from  Morrow  Gap  to  Sparks  Gap,  has  been  computed. 
From  the  sum  of  these  estimated  quantities  is  subtracted  the  total 
tonnage  of  red  ore  that  has  been  produced  in  Alabama  from  1880  to 
1907,  inclusive.  In  making  this  estimate,  Division  A  is  subdivided 
into  eight  parts,  in  two  of  which  the  Irondale  seam  is  considered  of 
sufiicient  importance  to  be  regarded  as  a  source  of  future  ore  supplies. 
These  eight  units  of  area  (see  fig.  19),  whose  ore-bearing  strata  outcrop 
along  Red  Moimtain,  are  as  follows:  (1)  From  Morrow  Gap  to  and 
including  the  OUvia  mine  (Irondale  seam);  (2)  Bald  Eagle  to 
Chfton  Gap  (Irondale  seam) ;  (3)  Bald  Eagle  to  Lone  Pine  Gap  (Big 
seam,  upper  bench);  (4)  Lone  Pine  Gap  to  Graces  Gap  (Big  seam, 
upper  bench);  (5)  Graces  Gap  to  a  point  beyond  Ishkoodo  (Big 
seam,  upper  bench) ;  (6)  Ishkoodo  to  Tennessee  Coal,  Iron  and  Rail- 
road Company's  slope  No.  10  (Big  seam,  upper  bench) ;  (7)  Tennessee 
Coal,  Iron  and  Railroad  Company's  slope  No.  10  to  middle  of  Wood- 
ward Iron  Company's  property  (Big  seam,  upper  bench) ;  (8)  middle 
of  Woodward  Iron  Company's  property  to  Sparks  Gap  (Big  seam^ 
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upper  bench).  The  estimate  is  considered  to  be  conservative  for  the 
following  reasons:  (1)  No  account  has  been  taken  of  any  possible 
available  ore  except  that  in  Red  Mountain;  (2)  no  ore  seams  besides 
the  upper  bench  of  the  Big  seam  and  the  Irondale  seam  have  been 
considered;  (3)  only  such  portions  of  the  outcrop  of  these  seams  have 
been  considered  as  are  known  to  be  workable,  and  wherever  the  seams 
are  faulted  out  or  badly  broken  up,  such  portions  are  not  included  in 
the  area  on  which  estimates  .are  based;  (4)  the  percentage  of  recov- 
erable ore  has  apparently  been  placed  low  enough  to  be  on  the  safe 
side;  (5)  conservative  figures  have  been  used  as  representing  the 
average  workable  thicknesses  at  the  outcrop  and  the  minimum  worka- 
ble thickness,  as  imder  favorable  conditions  the  former  may  be 
considerably  greater  and  the  latter  may  be  less;  (6)  the  percentage  of 
the  metaUic  iron  used  as  a  factor  in  determining  the  specific  gravity  of 
the  hard  ore  has  been  taken  with  a  view  to  the  possible  reduction 
rather  than  increase  of  iron  content  with  depth;  (7)  in  deducting  the 
tonnage  of  red  ore  already  produced  the  total  Ted  ore  for  the  State  has 
been  taken,  which  is  greater  than  that  produced  by  the  Birmingham 
district,  and  consequently  in  excess  of  that  produced  by  this  area,  the 
main  portion  of  the  Birmingham  district.  In  regard  to  this  last  factor 
it  should  be  stated  that  the  excess  is  not  great,  however,  for  the  Bir- 
mingham district  has  produced  almost  90  per  cent  of  the  red  ore  of 
the  State,  and  Red  Moimtain  between  Morrow  Gap  and  Sparks  Gap 
has  produced  between  97  and  98  per  cent  of  the  red  ore  of  the  district. 
In  obtaining  the  specific  gravity  of  the  hard  ore  in  relation  to  its 
content  of  metallic  iron,  use  has  been  made  of  the  laboratory  determi- 
nations of  Mr.  R.  T.  Pittman,  chief  chemist  of  the  Sloss-Sheffield 
Steel  and  Iron  Company  at  Birmingham.  The  experiments  con- 
sisted of  grinding  lumps  of  ore  down  to  cubes  1  inch  on  an  edge, 
determining  the  specific  gravity  of  each  by  displacement  of  water, 
and  afterwards  analyzing  the  ore  thus  treated.  The  results  of  certain 
of  these  tests  and  analyses  are  as  follows: 


Specific  gravity  tests  -and  analyses  of  calcareous  hematite.<^ 

Weight  in 
air  of  1 

cubic  foot 
of  ore 

(pounds). 

Specific 
gravity. 

Analyses. 

Sample  No. 

Fe. 

Insoluble. 

CaO. 

1 

213.47 
215.97 
219.23 
220.71 

3.42 
3.46 
3.50 
3.53 

•36.25 
37.05 
37.60 
38.05 

1 

13.80 
12.40 
11.42 
10.60 

17.98 

2 

18.14 

3 

17.43 

4 

17.52 

Average 

217.35 

3.48 

37.24 

12.05 

17.78 

o  Experiments  by  R.  T.  Pittman,  Birmingham,  Ala. 

If  we  assume,  then,  that  the  ore  in  a  certain  seam  within  a  given 
area  forms  a  fairly  regular  prism,  the  base  and  altitude  of  which  may 
be  measured,  and  that  the  minable  ore  of  this  seam  constitutes  a 
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truncated  portion  of  this  prism,  the  cubic  contents  of  this  truncated 

prism  of  minable  ore  may  be  calculated  conveniently  by  substituting 

in  a  formula  the  values  of  the  average  thickness,  length,  and  width 

of  the  truncated  prism  of  ore.     From  this  result  (in  cubic  feet)  may 

be  deduced  in  the  same  operation  the  tonnage  of  ore  of  a  definite 

grade  by  use  of  the  factors,  percentage  of  recoverable  ore  and  specific 

gravity,  based  on  the  average  percentage  of  metallic  iron  in  the  hard 

ore.     Multiplying  by  62,5,  the  weight  in  pounds  of  a  cubic  foot  of 

water,  will  give  the  pounds  of  ore,  which  can  then  be  reduced  to  long 

tons  by  dividing  by  2240. 

Therefore,  to  estabhsh  a  general  formula  for  calculating  the  ore 

content  for  a  given  ore  seam  in  a  given  area,  let — 

L  =Length  of  outcrop. 

V=Averf^e  distance  of  "vanishing  point"  from  outcrop. 

T  ^Average  thickness  of  ore  seam  at  outcrop. 

t  =Minimum  thickness  to  which  ore  may  be  worked. 

D  =Distance  from  outcrop  at  which  thickness  of  ore  seam 

becomes  t,  or  maximum  distance  practicable  to  drive 

slopes. 

K^Per  cent  of  recoverable  ore, 

C=  Average  per  cent  metallic  iron  in  hard  ore. 

G  ^Specific  gravity  of  ore  based  on  value  of  C. 

Then  to  obtain  the  value  of  D  in  terms  of  the  known  quantities  T,  t, 

T  V  — t  V 
and  V,  T:V::t:V — D,  whence  D  = m and  the  total  tonnage  is 

HT+t}xLxDxExGx62.6      ,^        i  ..i,-   *  i    4.    ^u 

^ — —^ — ^A-/^ —        ■    — •     On  applying  this  formula  to  the  area 

included  in  Division  A,  we  obtain  the  result  given  in  the  following 
table: 

■aervet  tn  mam  portion  of  Birmingham  dittrict. 
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n  1.  Irondals  warn,  Uorrow  Gap  1 

2.  Iroadale  seam.  Bald  Eagle  to 

3.  Big  seam,  upper  beach.  Bald ^. 

4.  Big  seam,  upper  bencb,  Lone  Fine  Gap 


lint  beyond  O. 

Lone  Fine  Gap. 


upper  boncl^  Graces  Gap  to  pobit  beyond  Ishioodo. 
Upper  bench,  Ishkoodo  to  Teniwuee  Compa 


_.  -^ ,  _rj,_. , jmpany'e  mine  No.  10. 

7.  Btg  seam,  upper  btnch,  Tennosieo  Company's  mine  No.  10  to  middle  ol  Woodward  propeitr. 
B.  .Big  Beani,  upper  boub,  Ulddle  of  Woodward  property  to  Spaika  Gap. 
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It  is  frankly  admitted  that  the  magnitude  of  the  figures  obtained 
by  this  estimate  is  rather  surprising.  When  it  is  considered  that  the 
present  annual  production  of  red  ore  in  Alabama  is  not  greatly  in 
excess  of  3,000,000  long  tons,  and  that  this  production  has  not  in- 
creased rapidly  in  recent  years  and  does  not  promise  to  increase 
rapidly  in  the  near  future,  the  results  of  the  estimate  indicate  that  the 
iron-ore  reserves  in  this  district  will  last  for  seventy-five  to  one 
hundred  years  longer  at  the  present  rate  of  output.  If  the  estimate 
o^  the  writer,  340,000,000  long  tons  of  red  ore  in  the  Birmingham 
district  workable  under  present  conditions,  is  compared  with  the 
estimate  of  1,000,000,000  long  tons  of  red  ore  in  reserve  in  the  State 
of  Alabama,  recently  published  by  E.  C.  Eckel,**  it  would  appear  that 
the  present  estimate  is  fairly  conservative,  when  it  is  recalled  that  the 
Birmingham  district  probably  contains  90  per  cent  of  the  workable 
red  ore  of  the  State.  In  explanation  of  Mi*.  Eckel's  apparently  higher 
estimate  it  should  be  stated  that  much  ore  at  present  unworkable  has 
been  included  therein. 

It  should  be  repeated,  in  conclusion,  that  the  present  estimate  is 
based  on  the  belief  that  the  ores  are  the  result  of  original  deposition, 
that  they  occur  in  the  form  of  regular  lens-shaped  bodies,  that  their 
content  of  metallic  iron  does  not  greatly  diminish  from  the  point 
where  the  hard  ores  are  first  encountered  in  the  mine  slopes  to  the 
point  where  the  minimum  workable  thickness  is  reached,  and  finaUy, 
that  the  structure  remains  fairly  constant  as  indicated  in  the  fore- 
going discussions.  This  last  element,  it  should  be  remembered,  is  one 
of  the  most  imtcertain,  and  can  be  rendered  more  certain  only  by 
thorough  and  systematic  prospecting  with  the  drill  between  Red 
Moimtain  and  Shades  Mountain.  Unexpected  structural  complica- 
tions and  '^horses"  of  barren  rock  may  greatly  reduce  the  quantity  of 
workable  ore  counted  on  in  this  estimate.  On  the  other  hand,  in  the 
less  favorably  regarded  divisions  of  the  district  which  are  described 
in  detail  in  the  forthcoming  paper,  there  are  large  reserves  of  ore 
which  have  not  been  included  at  all  in  this  estimate  of  ore  tonnage 
available  in  the  Birmingham  district. 

a  Production  of  iron  ores  and  iron  products  in  1906:  Mineral  Resources  U.  8.  for  1906,  U.  S.  Geol. 
Survey,  1907,  p.  79. 


THREE  DEPOSITS  OF  IKON  ORE  IN  CUBA. 


By  Arthur  C.  Spencer. 


i:isrTRODUCTION. 

The  Iron  Age  for  August  15,  1907  (vol.  80,  pp.  421-426),  contained 
a  description  of  a  large  deposit  of  iron  ore  in  the  Mayari  district, 
Cuba,  which  has  been  under  development  by  the  Spanish-American 
Iron  Company  since  January,  1904.  The  engineers  of  this  company 
believe  that  the  deposit  contains  more  than  500,000,000  tons  of  ore, 
carrying  above  40  per  cent  of  iron,  and  it  is  pointed  out  that  this 
amount  adds  5  per  cent  to  the  world's  reserve  of  iron  ore,  as  esti- 
mated in  1905  by  the  Swedish  geologist  Tomebohm.  Though  the 
statistical  importance  of  the  deposit  is  considerably  decreased  by  the 
latest  estimate  of  the  iron-ore  reserves  of  the  United  States,  indicat- 
ing that  our  home  supply  is  at  least  10,000,000,000  tons,**  the  indus- 
trial importance  of  this  new  source  of  iron  ore  is  in  no  manner 
affected. 

It  is  stated  in  the  article  referred  to  above  that  explorations  since 
1898  have  revealed  many  iron-ore  deposits  in  various  parts  of  the 
island.  ''Deposits  of  a  few  tons  were  nimierous  and  those  of  a  few 
himdred  thousand  tons  were  perhaps  three  in  nimaber.''  Data  pre- 
sented in  the  following  pages  indicate  that  the  word  ''thousand''  in 
the  sentence  quoted  should  read  "million,"  so  that,  to  the  uninformed 
reader,  the  paragraph  of  which  the  sentence  quoted  forms  a  part  is 
misleading  in  regard  to  the  prospective  importance  of  Cuba's  medium- 
grade  iron-ore  deposits. 

The  Mayari  ores  are  distinct,  both  in  kind  and  in  occurrence,  from 
the  well-known  iron  ores  occurring  in  the  Sierra  Maestra  near  the 
south  coast  of  Oriente  Province,  or  Santiago  de  Cuba  as  it  was  for- 
merly called.  The  Cuban  ores  which  have  been  mined  up  to  the 
present  time  are  hard  hematites  with  an  admixtiu'e  of  magnetite, 
containhig  rather  high  sulphur  and  a  small  amount  o*f  copper.  They 
occur  as  large  and  small  irregular  masses  associated  with  a  variety  of 

a  Eckel,  E.  C,  Advance  chapter  from  Mineral  Resources  U,  S.  for  1906,  U.  S.  Geol.  Survey,  1907. 
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embedding  rocks,  which  in«^lude  hornblende  and  epidote  schist,  mar- 
ble, diorite,  and  porphyry." 

The  ores  of  the  Mayari  type  are  essentially  hydrous  brown  iron 
ores,  coming  under  the  general  head  of  limonite.  They  occur  in 
blanket  form  as  a  surficial  mantle  covering  massive  serpentine  and 
related  rocks.  Average  analyses  show  a  small  percentage  of  chro- 
mium, rather  high  alumina,  very  low  sulphur,  and  phosphorus  below 
the  Bessemer  limit.  Iron,  ranging  from  30  to  50  per  cent,  is  usually 
above  40  per  cent. 

The  three  ore  fields  to  be  described  pass  under  the  names  Moa, 
Mayari,  and  Cubitas.  The  first  two  are  in  Oriente  Province,  near 
the  north  coast,  and  the  third  is  in  Camaguey  Province  (formerly 
Puerto  Principe),  midway  between  Camaguey  City  and  the  north 
coast  of  the  island.     (See  fig.  20.) 


Fio.  20.— Sketch  map  of  Camaguey 


Until  the  announcement  of  the  results  of  explorations  carried  on 
by  the  Spanish-American  Iron  Company  appeared,  the  only  available 
account  of  the  occurrence  and  character  of  the  Cuban  iron-ore  deposits 
of  the  Mayari  type  was  a  short  note  contributed  by  the  present  writer 
to  a  report  on  the  mineral  resources  of  Cuba,  which  was  published  in 

a  Kimball,  J.  P.,  Oeological  nlatlona  and  genesis  of  th< 
Jour.  Scl.,  3d  ser.,  vol.  28, 1884,  pp.  416-129;  Tbe  Iron-ore 
Am.  mat.  Mln.  Eng,,  toI.  13, 18S5,pp.  813-04. 

ai&ham,  T.  H.,  Slgua  Iron  mines,  Cnba:  Iron  Age,  toI.  41,  p.  140. 

Chlsholm.F.  F..  Iron-ore bedsinttieproyinoeoiaaQtlago.CabB:  Pnio. Colorado  Scl.  Hoc.,  i 

pp.2ae-!e3. 

Cox,  J.  S.,  Bug.  and  Uin.  Jour.,  vol.  le,  pp.  745-T£8. 

Wedding,  B.,  SUhl  u.  Elaen,  TOl.  !2,  p.  649;  lion  Age,  vol.  4ft,  p.  am. 

Spencer,  A.  C,  Eng.  and  Mln.  Jour.,  toI.  72,  pp.  633-834. 
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the  annual  report  of  the  miUtary  governor  of  Cuba  for  the  year  1901." 
The  following  paragraphs  are  quoted  from  this  report : 

Occupying  the  general  r^on  between  Nipe  Bay  and  Moa  Bay  and  somewhat  back 
from  the  northern  coast  there  is  a  region  reaching  a  general  elevation  of  from  1,500  to 
2,000  feet,  and  occupied  by  serpentines  and  other  igneous  rocks.  Upon  the  top  of  this 
sierra  there  are  many  large  areas  which  are  practically  level,  and  these  are  always  cov- 
ered by  a  thick  mantle  of  red  clay  which  contains  a  large  proportion  of  iron  ore  in  the 
form  of  spherical  pellets.  Locally  this  material  entirely  replaces  the  clay,  and  the 
separate  particles  are  cemented  together  by  ferruginous  materials,  making  a  spongy 
mass  of  brown  iron  ore.  Similar  occurrences  of  shot  and  massive  ore  were  noted  upon 
the  tops  of  certain  hills  lying  to  the  north  of  the  city  of  Puerto  Principe,  and  following 
the  general  trend  of  the  Sierra  Cubitas.  The  rock  in  this  vicinity  is  also  serpentine, 
and  the  ores  have  identical  characteristics  with  those  of  the  region  mentioned  above. 
Analyses  were  made  from  samples  of  these  residual  ores  collected  near  Rio  Seco  along 
the  trail  between  Mayari  and  San  Luis. 


Moisture 

Iron 

Manganese 

Phosphorus 

Silica 2.62 

Chromium '     Trace. 

Titanium I       .25 


52.00 
.364 
.0368 


2. 


0.56 

54.69 

.594 

.0189 

2.51 

Present. 


1.  Iron  ore  from  Sierra  Nipe  near  trail  crossing  of  Rio  Naranjo,  about  10  miles  from  Mayari,  Santiago 
Province. 
'  2.  Iron  ore  from  Sierra  Nipe  near  Rio  Seco,  Santiago  Province. 

These  residual  ores  are  locally  known  as  "tierra  de  perdigones,"  or  "moco  de 
herrero,*'  signifying  shot  soil  and  blacksmith's  waste,  either  of  which  terms  is  a  very 
apt  designation.  Rodriguez  Ferrer  is  authority  for  the  statement  that  hydrated  oxide 
of  iron  in  the  form  of  pellets  in  the  soil  bccurs  at  various  points  in  the  island.  The 
following  localities  are  mentioned:  Province  of  Pinar  del  Rio,  between  Consolacion 
del  Sur  and  Candelaria;  Matanzas  Province,  in  the  Sierra  Morena,  between  Cardenas 
and  Sagua  la  Grande;  Loma  Iman,  near  the  city  of  Puerto  Principe;  and  Monte 
Libano  north  of  Guantanamo,  Santiago  Province.  The  amount  of  these  ores  in  vari- 
ous parts  of  the  island  is  certainly  Tery  large,  and  it  seems  not  improbable  that  they 
may  eventually  find  a  market  in  the  United  States  in  cases  where  they  are  situated 
near  a  sufficient  supply  of  running  water  for  washing  them  free  from  the  clay  with 
which  they  are  mixed. 

MAYARI  DISTRICT.  6 

The  Mayari  iron-ore  fields  are  situated  south  of  Nipe  Bay  in  the 
northern  part  of  Oriente,  so  named  because  it  is  the  easternmost 
province  of  Cuba.  The  ore  deposit  is  a  blanket  formation,  extending 
as  a  practically  unbroken  mantle  over  a  gently  rolling  elevated 
plateau,  roughly  10  miles  long  and  4  miles  wida;  or,  more  accurately, 
about  27,870  acres  in  extent.  Except  for  a  few  groups  of  hard-wood 
trees  in  moist  situations,  the  ore  field  is  covered  by  pine  forest, 
averaging  about  40  trees  of  medium  size  to  the  acre.  The  direct 
distance  to  the  shipping  point  on  Nipe  Bay  is  about  12  miles,  but 
the  distance  over  the  transportation  route,  including  two  inclines  and 

<s  Report  on  a  geological  reconnaissance  of  Cuba  made  tinder  the  direction  of  Gen.  Leonard  Wood,  mili- 
tary governor,  by  C.  Willard  Hayes,  T.  Wayland  Vaughan,  and  Arthur  C.  Spencer. 
&  Abstract  of  article  in  Iron  Age,  August  15, 1907. 
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a  railroad,  is  somewhat  more  than  15  miles.  The  seaward  edge  of 
the  plateau  is  about  1,600  feet  above  tide,  from  which  elevation  there 
is  a  gradual  rise  to  2,200  and  2,300  feet.  Two  peaks  of  2,600  and  3,200 
feet  elevation  are  stated  to  have  no  iron  on  their  slopes,  from  which 
it  maybe  inferred  that  ore  does  occur  upon  the  crests.  The  mantle  of 
ore  extends  out  onto  the  ridges  between  the  streams  which  drain  the 
edges  of  the  plateau,  and  the  deposit  stops  only  where  abrupt  de- 
clivities begin. 

The  ore,  which  is  chiefly  earthy,  is  dark  red  near  the  surface  and 
yellow  at  greater  depths.  In  addition  to  this  earthy  ore,  which  forms 
the  great  bidk  of  the  deposit,  from  an  inch  to  a  foot  of  gravelly  ore 
composed  of  particles  Uke  bird  shot  occurs  at  the  surface  of  the 
ground,  and  locally  near  the  sources  of  streams  similar  ore  particles 
cemented  together  form  large  limips  and  flat-lying  layers  amounting 
in  the  aggregate  to  several  million  tons.  The  yellow  clayey  ore  rests 
upon  serpentine  rock  which  is  partly  decomposed  and  locally  soft 
enough,  to  be  penetrated  by  augers.  The  ore  is  said  to  be  mainly  a 
limonite,  though  some  analyses  indicate  the  presence  of  hematite  as 
well.« 

The  deposit  was  explored  in  part  by  pits,  but  was  sampled  prin- 
cipally by  means  of  2-inch  augers,  borings  being  spaced  100,  300, 
500,  and  1,000  meters  apart.  During  one  year  the  average  depth  of 
borings  was  nearly  17  feet  and  the  maximum  depth  attained  was  51 
feet.  In  all  3,030  borings  were  made  and  more  than  15,000  analyses. 
A^air  average  depth  of  the  ore  over  18,525  acres  is  15  feet,  which,  at 
20  cubic  feet  to  the  ton,  gives  605,000,000  tona.  It  is  thought  that 
this  figure  may  be  exceeded  when  every  acre  of  the  deposit  has  been 
examined,  and  it  is  regarded  as  certain  that  not  less  than  500,000,000 
tons  of  ore  is  accessible  for  profitable  mining.  With  the  average 
given  and  the  anioimt  of  ore  at  605,000,000  tons,  the  tonnage  per 
acre  is  34,159.  About  5  per  cent  of  the  borings  were  in  material 
carrying  below  27  per  cent  of  iron  and  correspondingly  high  in  silica 
or  alumina,  or  both.  An  idea  of  the  general  run  of  the  ore  is  pre- 
sented by  the  table  here  given: 

Composite  analysis  of  iron  ore  from  Mayari  district, 

[Dried  at  212°  F.l 
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46.03 
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10.33 
1.73 
.015 


a  Some  of  the  ore  pellets  are  attracted  by  a  i)ocket  magnet  suggesting  that  magnetite  is  also  present. 
My  notes  of  1901  indicate  that  the  accumulations  of  shot  ore  at  the  surface  have  been  washed  out  of  the 
underlying  deposit  by  the  action  of  rains,  and  that  to  a  depth  of  several  feet  great  numbers  of  similar 
pellets  are  disseminated  throu^  the  dark-red  clayey  matrix.— A.  C.  S. 

47076— Bull.  340—08 ^21 
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In  67  samples  the  hygroscopic  water  averaged  31.63  per  cent  and 
in  37  samples  the  combined  water  averaged  13.62  per  cent.  The 
large  amount  of  hygroscopic  water  and  high  alumina  combine  to 
give  a  clay-like  consistency  to  the  ore,  such  that  in  shafts  which  have 
stood  two  years  every  pick  mark  is  still  visible. 

The  uniformity  of  the  deposit  is  shown  by  a  table  indicating  that 
94  per  cent  of  the  material  is  workable  ore: 


Percentages  of  iron  in  Maj/ari  ir 


10  to  20  per  cent  of  iroi 
20  to  30  per  cent  of  iroi 
30  to  40  per  cent  of  iroi 
to  to  43  per  cent  of  iroi 
Above  43  per  cent  of  ii 


The  occurrence  and  nature  of  the  ore  are  favorable  for  steam- 
ahovel  mining,  but  because  of  its  sticky  character  it  has  been  necessary 
to  design  a  special  form  of  car  to  insure  ready  dumping.  The  presence 
of  46  per  cent  of  moisture  also  makes  drying  indispensable  to  avoid 
import  duty  and  freight  charges  on  so  much  water,  and  the  ore  will 
have  to  be  clinkered  to  make  it  physically  suitable  for  use  in  the  blast 
furnace. 

The  company  plans  the  production  of  2,500  tons  of  dry  ore  per  day, 
but  will  install  a  plant  capable  of  handling  a  very  much  larger  tonnage. 
No  description  of  the  drying  plant  or  details  of  mining  methods  are 
given.  As  Cuba  is  deficient  in  mineral  fuel,  it  will  be  necessary  to 
import  coal  for  the  calciners. 

MOA  DISTRICT. 

The  Moa  iron-ore  fields  are  contiguous  to  the  protected  deep-water 
harbor  of  Moa  Bay,  on  the  north  coast  of  Oriente  Province,  about  50 
miles  east  of  Nipe  Bay,  The  deposit  is  very  much  like  the  one  at 
Mayari,  but  its  situation  makes  it  more  easily  accessible  for  mining 
and  ocean  transportation. 

The  Moa  district  lies  upon  the  northern  and  seaward  slope  of  the 
group  of  mountains  which,  with  several  other  groups,  enter  into  the 
make-up  of  a  general  range  extending  from  the  Mayari  district  south 
of  Nipe  Bay  to  the  east  end  of  Cuba  and  there  merging  with  the  moun- 
tains which  border  the  south  coast  of  Oriente  Province.  The  general 
summit  elevations  of  these  northern  mountains  may  be  estimated  at 
2,000  to  2,500  or  perhaps  3,000  feet.  In  the  Moa  country  the  highest 
summits  are  roughly  about  2,500  feet,  and  it  is  probable  that  the 
northward-flowing  streams  of  the  district  all  rise  within  10  to  15 
miles  of  the  coast.     Looking  toward  the  Moa  Mountains  from  the  sea 
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one  notes  a  gradual  rise  of  the  land  from  the  shores  of  Moa  Bay,  and 
sees  that  the  valleys  of  the  larger  streams  are  shallow  and  narrow  at 
their  mouths  and  that  they  gradually  widen  and  deepen  upstream. 
A  traverse  of  the  region  bears  out  this  first  impression,  and  between 
each  river  broad,  smooth  surfaces  are  found  to  rise  from  the  water's 
edge  toward  the  interior  with  an  average  grade  of  250  feet  to  the  mile. 
These  interstream  areas  extend  from  5  to  8  miles  back  from  the  coast, 
and  upon  them  the  ore  deposits  occur  in  the  form  of  a  surface  mantle. 

The  district  is  well  watered  and  at  the  same  time  mostly  well 
drained.  Pine  forest  covers  the  greater  part  of  the  ore  groimd,  the 
trees  being  more  thickly  set  and  on  the  average  somewhat  larger 
than  in  the  Mayari  district.  Hard-wood  forest  and  thick  jimgle  is 
encoimtered  everywhere  along  the  watercourses  and  in  moist  patches  ' 
on  the  upland  surface. 

The  whole  district  appears  to  be  imderlain  by  serpentine,  for  no 
other  rock  is  found  either  on  the  slopes  of  the  river  valleys  or  in  the , 
stream  gravels,  part  of  which  must  have  been  derived  from  the  dis- 
tant moimtains.  The  country  is  dissected  by  river  courses  in  such 
a  manner  as  to  exhibit  the  relations  of  the  iron  ore  and  the  bed  rock 
in  many  places.  The  typical  occurrence  is  as  follows:  At  the  surface 
there  is  several  feet  of  red  clay  containing  from  50  to  75  per  cent  by 
weight  of  brown  iron  ore  in  the  form  of  roimd  pellets  from  a  minute 
size  up  to  that  of  a  buckshot  or  a  cherry.  Beneath  the  shot  ore  is  a 
more  or  less  continuous  layer  of  spongy  brown  ore  which  is  usually 
seen  to  be  composed  of  similar  roimd  pellets  boimd  together  by  a  fer- 
ruginous cement.  Below  the  solid  layer  lies  yellow  clay,  in  places 
containing  scales  and  irregular  concretions  of  brown  ore.  It  will  be 
noted  that  the  above  description  corresponds  in  a  general  way  with 
that  of  the  Mayari  deposit.  The  thickness  of  the  different  layers 
named  varies  from  place  to  place  and  locally  any  one,  any  pair,  or  all 
of  the  layers  may  be  missing. 

The  mantle  of  ore  is  a  prominent  featiu'e  within  an  area  of  about  60 
square  miles,  being  practically  continuous,  except  where  it  has  been 
cut  out  by  erosion  along  the  stream  valleys.  It  can  hardly  be  doubted 
that  the  deposit  was  formerly  not  only  actually  continuous  within  the 
present  field  of  its  occurrence,  but  also  of  considerably  greater  extent. 

The  60  square  miles  referred  to  has  been  fully  explored,  and  all  of  it 
has  been  denoimced  or  claimed  by  different  parties.  It  is  roughly 
estimated  that  60  per  cent  of  the  area  taken  up,  or  about  36  square 
miles,  will  afford  ore  of  minable  grade  and  quantity.  The  ratio  of 
barren  ground  to  ore  ground  becomes  less  and  less  as  one  proceeds 
from  the  moimtains  toward  the  coast,  the  most  nearly  continuous 
deposits  occurring  in  a  strip  of  coimtry  2  or  3  miles  wide  adjacent  to 
the  bay,  where  the  river  valleys  are  both  shallow  and  narrow. 
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A  considerable  part  of  the  field  has  been  systematically  prospected 
by  the  Spanish-American  Iron  Company,  but  other  owners  have  not 
j  yet  adequately  explored  their  holdings.     Though  the  writer's  exami- 

i  nation  of  the  field  was  too  cursory  to  form  the  basis  of  a  trustworthy 

i  estimate  of  tonnage,  it  is  thought  that  the  amount  of  ore  per  unit  area 

j  is  likely  to  exceed  that  of  the  Mayari  field,  provided  the  yellow  clay  at 

Moa  shows  the  same  high  iron  content  as  that  at  Mayari.  The  thick- 
ness of  the  shot  ore  was  seen  to  range  from  a  few  inches  up  to  20  feet; 
that  of  the  layer  ore  up  to  12  feet;  and  the  yellow  clay  is  locally  more 
than  50  feet  thick. 

Taking  the  area  of  workable  ore  as  36  square  miles,  and,  as  at 
Mayari,  taking  the  average  depth  as  only  15  feet  and  allowing  20  cubic 
'  feet  of  material  per  ton  of  dried  ore,  we  get  752,000,000  tons  for  a  first 
approximation  of  the  available  tonnage  of  iron  ore  in  the  Moa  field. 
The  shot  and  layer  ore  from  Moa,  when  dried  at  212°  F.,  give  practi- 
cally the  same  analysis  as  the  Mayari  ore.  (See  composite  analysis, 
p.  321.) 

CUBITAS  DISTRICT. 

The  Cubitas  iron-ore  fields  are  situated  from  12  to  15  miles  north 
of  Camaguey  City,  in  the  province  of  Camaguey.  The  port  of 
Nuevitas,  on  the  north  coast,  lies  about  40  miles  northeast  of  the 
district,  which  is  as  yet  without  transportation  facilities.  Within 
an  area  measuring  roughly  10  miles  east  and  west  and  4  miles  north 
and  south,  there  are  several  flat-topped  mesas  rising  300  to  400  feet 
above  the  general  level  of  an  almost  featureless  plain  which  extends 
for  many  miles  in  all  directions  except  toward  the  north.  Two  or 
three  miles  north  of  the  ore  fields  there  is  a  narrow  range  of  rugged 
limestone  mountains,  known  as  the  Sierra  Cubitas. 

The  ore  deposits  are  all  surface  mantles  covering  the  plateau-like 
mesas.  Shot  ore  in  the  red  clay  matrix  and  brown  spongy  layer 
ore  are  exposed  in  many  places,  and  as  at  Moa  where  both  are  pres- 
ent the  layer  ore  is  invariably  beneath  the  shot  ore.  Observations 
made  in  several  separated  locaUties  indicate  that  the  two  varieties 
of  ore  are  together  at  least  10  feet  thick  over  much  of  the  ore  ground. 
I  It  is  probable  that  yellow  clay  exists  beneath  the  brown  ore,  though 

j  no  exposures  of  this  material  were  noted  by  the  writer  during  his 

short  examination  of  the  deposits.  The  observations  on  which  the 
present  notes  are  based  were  so  casual  that  no  trustworthy  estimate 
can  be  given  of  the  areal  extent  of  the  deposits.  It  is  thought, 
however,  that  there  must  be  at  least  6,000  acres  of  the  ore  ground 
and  that  at  least  150,000,000  tons  of  ore  exists  within  the  field. 

In  their  physical  character  and  occurrence  the  Cubitas  ores  are 
practically  identical  with  those  of  the  Moa  and  Mayari  districts. 
No  analyses  of  the  ores  can  be  given  at  the  present  time,  but  there 
is  every  reason  to  believe  that  the  material  will  show  the  same  chem- 
ical features  as  the  ores  from  Moa  and  Mayari. 


^ 
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The  bed  rock  of  the  district,  being  serpentine,  is  identical  with 
that  underlying  the  two  other  ore  fields  here  described,  but  in  the 
Cubitas  field  there  is  practically  no  pine  or  other  timber,  the  princi- 
pal growth  being  palmetto,  bracken  ferns,  and  coarse  grasses  of  little 
or  no  value  for  grazing.  Serpentine  occurs  also  over  much  of  the 
surrounding  country,  and  in  places  other  crystalline  rocks  are  found. 
Outside  of  the  serpentine  country,  but  within  the  general  region  in 
which  the  Cubitas  deposits  are  foimd,  there  are  several  bed-rock 
deposits  of  hard  ore,  consisting  of  hematite  and  magnetite  and  show- 
ing above  60  per  cent  of  iron.  Several  bodies  of  rich  chromite  ore 
are  also  known. 

ORIGIN  OF  THE  DEPOSITS. 

The  yellow  ferruginous  clays  and  associated  brown  iron  ores  of  the 
Moa,  Mayari,  and  Cubitas  districts  are  considered  as  residual  mate- 
rials, derived  from  the  serpentine  rocks  upon  which  they  rest,  through 
the  process  of  surficial  weathering  and  decomposition.  Strong  evi- 
dence that  the  serpentine  has  contributed  the  material  of  the  deposits 
lies  in  the  fact  that  all  the  ores  contain  chromium,  which  is  an  ele- 
ment known  to  be  characteristically  associated  in  occurrence  with 
certain  serpentine  and  related  rocks,  and  which  may  therefore  be 
assumed  to  be  present  in  small  amounts  in  the  serpentine  that  under- 
lies these  particular  accumulations  of  iron  ore.  The  case  of  these 
ores  is  closely  similar  to  that  of  certain  small  deposits  of  brown  iron 
ore  embedded  in  brownish,  earthy  material,  which  occur  on  Staten 
Island,  New  York,  and  which  have  been  described  and  conmiented 
upon  by  Dr.  T.  S.  Hunt,**  as  follows: 

This  material  rests  immediately  upon  the  serpentine  rock  of  the  region  into  which 
it  graduates,  and  from  the  subaerial  decay  of  which  it  has  evidently  been  derived; 
the  lower  portion  of  the  earthy  matrix  still  preserves  the  peculiar  jointed  structure 
of  the  underlying  serpentine. 

*  *  *  This  limonite  which  is  now  mined  to  a  considerable  extent,  contains,  as 
several  analyses  have  shown,  from  1  to  2  per  cent  of  chromic  oxide,  which  is  also 
known  to  be  present  in  small  amounts  in  the  serpentine.  An  impure  argillaceous 
specimen,  containing  59.63  of  ferric  oxide,  yielded  the  writer  2.81  of  chromic  oxide 
in  a  condition  readily  soluble  in  chlorhydric  acid. 

*  *  *  It  is,  I  think,  evident  that  the  decay  of  the  serpentine,  and  the  concen- 
tration, in  the  residuum,  of  its  iron  in  the  form  of  limonite,  was  a  process  anterior  to 
the  glacial  erosi6n,  and  that  the  ore  banks  are  areas  of  the  decayed  material  which 
has  escaped  this  action. 

The  Clealum  iron  ores  of  Washington,  as  described  by  Smith  and 
Willis,^  show  a  general  similarity  in  composition  to  the  Cuban  ores, 
but  contain  nickel  as  well  as  chromium.  They  occur  in  the  form  of 
lenses,  from  a  foot  or  two  up  to  30  feet  in  thickness,  on  an  old  eroded 
surface  of  an  extensive  formation  of  serpentine,  and  lie  at  or  in  the 

a  Mineral  Physiology  and  Physiography,  1886,  p.  268. 
b  Trans.  Am.  Inst.  Min.  Eng.,  vol.  30, 1901,  pp.  356-366. 
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base  of  the  Swauk  sandstone.  The  ore,  which  contams  both  hematite 
and  magnetite,  is  partly  of  oolitic  nature,  and  is  thought  to  have  been 
deposited  originally  in  the  condition  of  ferrous  carbonate  or  hydrous 
sesquioxide  of  iron.  It  contains  from  1.9  to  5.2  per  cent  of  CraOg 
and  from  0.20  to  0.68  per  cent  of  NiO.  A  sample  of  serpentine  ana- 
lyzed gave  0.47  and  0.10  per  cent,  respectively,  of  CrgOs  and  NiO,  so 
that  the  ore  is  regarded  as  the  result  of  concentration  from  the  ser- 
pentine. It  is,  however,  thought  to  be  not  strictly  a  residual  deposit 
accumulated  in  place,  but  instead  a  sedimentary  deposit  of  which  the 
materials  were  furnished  mainly  by  the  serpentine. 

That  the  Cuban  ores  here  under  discussion  were  derived  from  the 
serpentine  rocks  with  which  they  are  associated  can  be  accepted 
without  reservation,  and  there  is  good  reason  to  believe  that  they 
were  formed  by  decomposition  of  the  rock  in  place  rather  than  that 
the  materials  of  which  they  are  composed  were  brought  into  their 
present  positions  either  as  washed-in  sediments  or  as  dissolved  salts. 
Evidence  for  this  last  conclusion  is  seen  in  the  facts  that  the  ore 
material  contains  no  grains  of  sand  and  that  the  deposits  are  spread 
over  extensive  areas  which  are  almost  completely  lacking  in  local 
topographic  relief,  except  such  as  can  be  seen  to  have  originated 
since  the  accumulation  of  the  ores.  It  is  thought  that  the  surfaces 
of  low  reUef  upon  which  the  ore  mantles  occur  must  be  remnants  of 
formerly  more  extensive  plains,  which  have  been  uplifted  and  warped 
by  mountain-building  forces  and  largely  destroyed  by  subsequent 
erosion.  At  Moa  the  destruction  of  the  ore  ground  is  evidently  even 
now  progressing  at  a  geologically  rapid  rate.  Theoretically,  plains 
of  this  sort  are  the  natural  end  products  of  subaerial  erosion  con- 
tinued through  very  long  periods  undisturbed  by  mountain-building 
forces,  and  the  thick  accumulation  of  strictly  residual  materials  is  the 
natural  and  perhaps  necessary  accompaniment  of  the  later  stages  of 
the  process  of  planation.  Peneplains  (surfaces  of  extremely  low  re- 
lief reduced  by  subaerial  decomposition,  decay,  and  solution  of  the 
rocks  over  a  wide  region)  are  recognized  as  existing  over  a  large  part  of 
the  Atlantic  and  Gulf  slopes  of  the  United  States.  An  extensive  and 
now  considerably  dissected  peneplain  which  is  seen  in  the  Piedmont 
Plateau  of  our  Eastern  States  is  known  to  have  been  formed  during 
late  Tertiary  time  and  to  have  become  partly  buried  by  sedimentary 
materials  that  are  now  grouped  together  and  described  as  the  Lafay- 
ette formation. 

Orange-colored  and  red  sands  and  gravels  characterize  this  forma- 
tion in  many  districts  and  though  no  direct  means  of  correlation  are 
at  present  known,  it  seems  very  likely  that  those  uplifted  and  warped 
peneplains  of  Cuba  which  are  covered  by  deep  soils  and  clays  may 
eventually  be  found  to  correspond  in  age  with  the  pre-Lafayette,  or, 
as  it  is  more  commonly  called,  the  Tertiary  peneplain  of  the  eastern 
United  States. 
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Though  the  general  conditions  under  which  the  Cuban  iron  ores 
accumulated  were  probably  those  which  have  been  outlined,  the 
actual  mode  of  origin  is  a  problem  that  demands  a  large  amount  of 
detailed  chemical  work  and  a  comparison  with  similar  problems  pre- 
sented in  other  regions.  Consideration  of  the  fact  that  the  red  and 
brown  materials,  consisting  of  shot  ore  in  an  earthy  matrix  and  of 
porous  layer  ore,  occur  in  the  surficial  part  of  the  residual  masses 
leads  to  the  idea  that  they  are  the  products  of  secondary  weather- 
ing of  the  yellow  clays  which  are  thought  to  be  the  direct  residuals 
from  the  decomposition  of  the  serpentine.  What  may  be  termed 
the  primary  change,  from  serpentine  to  ocherous  clay,  involved 
the  depletion  of  silica,  magnesia,  and  lime  and  the  concentration  of 
alumina,  iron  oxide,  and  chromic  oxide;  the  secondary  change  to 
brown  and  red  materials  seems  to  have  consisted  mainly  in  par- 
tial dehydration  and  deoxidation.  These  last  effects,  though  prob- 
ably slight,  are  evidenced  by  the  marked  difference  of  color,  by  the 
slightly  higher  iron  content  of  shot  ore  occurring  on  the  immediate 
surface,  by  the  reported  presence  of  some  hematite  in  addition  to  the 
hydrated  oxides  that  constitute  the  bulk  of  the  iron  ore,  and  by  the 
presence  of  magnetite,  which  is  indicated  by  the  magnetic  property 
of  a  portion  of  the  shot  ore. 

MINING  CONCESSIONS. 

The  Republic  of  Cuba  as  a  former  colony  of  Spain  has  inherited 
mining  laws  based  on  the  principle  that  the  ownership  of  all  deposits 
of  metallic  minerals  is  inseparable  from  the  State.  In  the  case  of  iron 
ores,  concessions  of  any  desired  size  may  be  acquired  from  the  Govern- 
ment by  the  procedure  known  as  denouncement.  The  expense  of 
denouncement,  attendant  surveys,  and  title  of  concession  amounts  to 
$2.86  per  hectare,  equivalent  to  2.47  acres.  The  law  provides  for  an 
annual  tax  of  $2.50  per  hectare,  nonpayment  of  which  is  the  only 
cause  of  forfeitiu'e.  Collection  of  this  charge  has  been  suspended 
since  1901,  so  at  the  present  time  mining  rights  once  secured  by  a 
small  expenditure  may  be  held  without  further  cost. 

Where  the  surface  rights  to  land  containing  mineral  deposits  are 
held  by  private  interests  arrangements  must  be  made  to  satisfy  all 
damages  which  may  ensue,  but  in  the  case  of  wild  or  forest  lands 
owned  by  the  Government  the  concessionary  apparently  acquires 
full  surface  rights  with  the  title  of  the  concession.  The  feature  last 
mentioned  is  of  great  importance  both  at  Moa  and  at  Mayari,  where 
large  tracts  which  have  been  held  by  the  Church  of  Rome  became 
Government  lands  when  the  Republic  was  established. 

With  the  exception  of  a  few  small  claims  at  Moa,  all  the  ore  lands  in 
the  Moa  and  Mayari  districts  have  been  denounced  within  the  last  four 
years,  so  that  in  these  districts  titles  are  likely  to  be  clear.     In  the 
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Cubitas  district  most  of  the  denouncements  were  made  many  years 
ago,  and  in  some  cases,  at  least,  titles  to  ownership  are  more  or  less 
clouded. 

METAIiliURGY. 

The  high  alumina  of  the  Mayari  and  similar  ores  produces  an  un- 
usual slag,  demanding  careful  and  intelligent  operation.  The  chro- 
mium which  is  present  goes  into  the  pig  iron  and  most  of  it  must  be 
removed  in  the  manufacture  of  steel.  Extended  experimentation 
by  the  engineers  of  the  Pennsylvania  Steel  Company  has  resulted  in 
the  discovery  of  a  method  by  which  chromium  can  be  sufficiently 
eliminated  in  the  Bessemer  converter,  and  the  effect  of  the  portion 
of  chromium  remaining  on  the  quaUty  of  the  product  has  been  care- 
fully studied.  The  following  account  of  the  process  which  has  been 
developed  for  the  removal  of  chromium  appeared  in  the  Engineering 
and  Mining  Journal  October  7,  1905: 

An  invention  calculated  to  increase  the  value  of  chromiferous  iron  ores  has  lately 
been  patented  by  H.  H.  Campbell,  of  Steelton,  Pa.  (U.  S.  No.  795193.)  Using 
iron  ores  containing  from  1  per  cent  to  5  per  cent  chromium,  he  succeeded  in  produc- 
ing a  steel  containing  only  0.08  per  cent  Cr.  It  is  well  known  that,  if  a  steel  has  a 
content  of  Cr  in  excess  of  a  certain  small  proportion,  it  is  unfit  for  use  for  most  pur- 
poses in  engineering  works;  and  also  that  it  has  not  been  practical  to  make  use  of  iron 
rich  in  Cr  as  a  starting  metal  for  the  manufacture  of  steel  on  a  profitable  scale  because 
of  the  inability  to  effect  the  economical  removal  of  the  Cr.  Mr.  Campbell's  method 
is  to  first  treat  the  chromium  iron  in  a  basic  Bessemer  converter,  producing  a  basic 
slag,  and  then  to  oxidize  the  Cr  by  prolonging  the  blow  beyond  the  usual  period,  which 
causes  the  Cr  to  enter  the  slag.  The  charge  is  then  drawn  from  the  converter  into  a 
ladle  (having  a  device  for  drawing  the  metal  from  beneath  the  slag),  and  then  stopping 
or  controlling  the  flow  of  slag.  The  subsequent  treatment  depends  on  the  final  use 
for  which  the  steel  is  intended.  For  low-carbon  steel,  where  the  dechromized  metal 
does  not  contain  much  oxygen,  it  is  incorporated  with  ferromanganese  to  obtain  the 
usual  reaction;  where  the  dechromized  metal  contains  considerable  oxygen,  it  is 
charged  in  a  second  converter  having  a  siliceous  lining  with  an  addition  of  unblown 
molten  iron  (free  from  Cr  and  having  a  higher  carbon  content)  and  finally  recarburizing. 

The  removal  of  chromium  from  pig  iron  in  the  open-hearth  process 
of  steel  making  has  been  described  by  A.  W.  Richards  in  a  recent  paper 
entitled  '^A  method  of  producing  high-class  steel  from  pig  iron  con- 
taining chromium,  nickel,  and  cobalt,''**  from  which  the  following  ex- 
tract is  taken: 

Doctor  Massenez,  the  inventor  of  the  new  process,  conceived  the  idea  of  working  in 
a  basic  or  neutral  lined  open-hearth  furnace  provided  with  slag  notches,  thinking  that 
the  chromiimi  might  be  removed  by  forming  successive  voluminous  quantities  of  oxi- 
dizing slags  and,  as  the  chromium  oxide  was  formed,  removing  these  slags  through  the 
slag  notches  before  they  became  too  thick. 

Into  an  open-hearth  furnace  is  charged  3  tons  each  of  lime  and  basic  slag,  the  latter 
produced  by  melting  hematite  pig  iron  on  a  basic  hearth,  and  over  this  is  added  3  tone 
of  hematite  iron  ore.    The  mixture  is  heated  until  the  ore  becomes  pasty.    Two  ladles 

a  Jour.  Iron  and  Steel  Inst.,  No.  1, 1907,  pp.  114-120.    United  States  patents  Nos.  754154  and  772164. 
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containing  10  to  11  tons  each  of  molten  chrome  nickel  iron  are  then  added.  Thick  and 
foaming  slag  is  gradually  formed,  containing  a  portion  of  the  chromium  as  chromic 
oxide,  and  thiB  at  the  end  of  forty-five  minutes  to  one  hour  is  run  out  at  the  slag  notches. 
A  second  slag  is  then  formed  from  the  materials  remaining  on  the  bottom  of  the  furnace 
hearth,  which  do  not  all  melt  at  first,  and  by  further  additions  of  basic  slag,  fluor  spar, 
and  lime.  This  slag  after  melting  contains  an  additional  quantity  of  chromic  oxide, 
and  is  also  removed,  but  owing  to  its  viscous  character  it  can  only  be  made  to  pass  the 
slag  notches  by  mechanical  assistance.  This  operation  of  forming  slag  is  repeated  ac- 
cording to  the  percentage  of  chromium  in  the  iron.  When  working  with  an  iron  con- 
taining 4  per  cent  of  chromium  it  is  generally  necessary  to  make  and  run  out  four  such 
slags,  after  which  practically  all  of  the  chromium  is  removed.  When  this  point  is 
reached  the  metal  is  worked  like  an  ordinary  open-hearth  charge.  The  resulting  steel 
contains  about  0.3  per  cent  of  chromium,  as  it  derives  some  of  this  during  the  decarbu- 
rizing  period  in  the  open  hearth,  being  reduced  from  the  chromic  oxide  in  the  slag. 

The  boil  commences  in  from  nine  to  ten  hours  after  the  furnace  is  charged,  and  only 
lasts  an  hour  before  the  steel  is  ready  for  tapping. 

The  slag  contains  from  5  to  10  per  cent  of  chrome  oxide. 

The  steels  produced  by  Mr.  Richards  contain  from  0.52  to  0.69  per 
cent  of  carbon,  0.016  to  0.032  per  cent  of  phosphorus,  and  0.12  to  0.51 
per  cent  of  chromium.  The  iron  used  was  made  from  ore  of  the  fol- 
lowing analysis,  the  source  of  the  ore  not  being  stated: 

Fe  (as  received) 45.  69 

Mn .232 

Cr 2.35 

Nii 
Co. 

SiOa 12.32 

Al-A 9.25 

CaO .55 

MgO 2. 14 

S .029 

P .02 

The  pig  iron  contains — 

Cr 4.00 

SI '■- 

Si .40 

And  the  steel  made  from  it  contains — 

Ni 1.50 

Co .25 

Cr 12  to     .51 

P 016  to     .032 

C 52  to     .69 


;} • ^-^^ 


IRON  ORES  NEAR  ELLIJAY,  GA. 


By  W.  C.  Phalen. 


INTRODUCTION. 

The  Ellijay  quadrangle  of  the  United  States  Geological  Survey  lies 
mainly  in  the  northern  part  of  Georgia,  but  includes  narrow  strips  of 
Tennessee  and  North  Carolina  along  its  northern  border.  The  ar6a  is 
entirely  within  the  mountain  division  of  the  Appalachian  province. 

The  existence  of  iron  ores  in  and  near  this  area  has  long  been  known, 
but  it  is  only  recently  that  systematic  effort  has  been  made  to  prospect 
them  thoroughly  with  a  view  to  their  commercial  exploitation.  It  is 
the  purpose  of  this  paper  to  present  briefly  the  latest  information  re- 
garding  these  ores,  gathered  in  the  field  season  of  1907. 

GEOIiOGY. 

The  rocks  in  the  area  are  for  the  most  part  southwesterly  continua- 
tions of  belts  which  have  been  carefully  studied  by  Arthur  Keith  in  the 
Murphy  and  Nantahala  quadrangles  on  the  north  and  northeast  and 
are  in  part  of  sedimentary  and  in  part  of  igneous  origin.  Nearly  all 
have  been  metamorphosed,  some  to  such  an  extent  that  all  traces  of 
their  original  nature  have  disappeared,  a  condition  which  adds  greatly 
to  the  difficulty  of  their  study.  According  to  Keith,  they  range  in  age 
from  the  Archean  into  the  Cambrian,  those  of  the  latter  system  con- 
stituting the  Ocoee  group.  Named  in  order  from  the  top  of  the  geo- 
logic column  represented  they  comprise  the  Murphy  marble,  Valley- 
town  formation,  Brasstown  schist,  Tusquitee  quartzite,  Nantahala 
slate,  and  Great  Smoky  conglomerate,  all  probably  of  Cambrian  age, 
and  granites  and  gneisses  belonging  in  the  Archean.  It  is  probable 
that  the  nomenclature  given  above  may  be  changed  in  part  when  the 
Ellijay  folio  is  published,  as  it  is  quite  certain  that  some  of  the  litho- 
logic  units  used  in  mapping  the  Nantahala  quadrangle  either  merge 
with  others  or  die  out  completely  in  passing  southward  from  North 
Carolina  into  Georgia.  Most  of  these  rocks,  except  the  Murphy  marble, 
are  cut  by  dikes  of  igneous  origin,  many  of  which  are  quartz  diorite, 
though  much  of  the  intruded  rock  is  more  basic  than  this. 

All  the  rocks  of  this  region  have  been  folded  and  faulted,  as  a  residt 
of  which  they  have  been  greatly  compressed  and  metamorphosed. 
Faulting  has  aided  in  the  formation  of  certain  ore  deposits  to  be  sub- 
sequently described. 
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THE  IRON  ORES. 

GENERAL  OUTLINE. 

Iron  ore  occurs  at  many  localities  in  and  near  the  Ellijay  quad- 
rangle, but  in  comparatively  few  places  is  it  present  in  sufficient 
quantity  to  repay  systematic  development.  Most  of  the  ore  belongs 
in  the  class  of  hydrous  ferric  oxides,  the  so-called  ''brown  ore,''  but 
the  available  analyses  given  in  this  paper  are  so  incomplete  that 
little  can  be  told  about  the  original  content  of  water  in  the  ore,  and 
thus  it  is  uncertain  exactly  which  hydrous  oxide  is  present — turgite, 
goethite,  or  limonite.  From  the  fact  that  the  ores  are  entirely 
amorphous  it  is  clear  that  they  are  more  recent  than  the  rocks  with 
which  they  are  associated  and  are  also  later  than  the  periods  of 
deformation  during  which  the  neighboring  rocks  have  been  aflfected. 
The  deposits  therefore  are  not  original  but  secondary  in  nature. 

The  occurrences  visited  and  studied  are  located  as  follows: 

(1)  Ore  Knob,  a  small  and  somewhat  isolated  peak  between 
Whitepath  and  Little  Tumiptown  creeks,  just  east  of  the  Atlanta, 
Knoxville  and  Northern  division  of  the  Louisville  and  Nashville 
Railroad,  and  nearly  4  miles  northeast  of  Ellijay. 

(2)  About  a  mile  east  of  Ellijay  and  just  north  of  Cartecay  River. 

(3)  About  6  miles  southwest  of  Ellijay,  just  outside  of  the  Ellijay 
quadrangle,  near  the  mouth  of  Talona  Creek  and  IJ  miles  north  of 
Talona  station. 

DEPOSITS  AT  ORE  KNOB. 

Occurrence. — ^At  Ore  Knob,  iron  ore  has  been  exposed  by  several 
open  cuts  and  pits,  most  of  which  are  in  a  quartzitic  sandstone  or 
quartzite,  though  one  test  pit  from  which  considerable  ore  has  been 
removed  has  a  foot  wall  of  lustrous  blue  schist,  characteristic  of  the 
Valleytown  formation  as  exposed  along  the  road  between  Blue  Ridge 
and  Ellijay.  Several  shipments  of  ore  are  reported  to  have  been 
made  from  the  property,  one  of  29  cars  having  been  specified.  All 
the  ore  seen  is  situated  well  above  drainage  level. 

As  mentioned  above,  the  rock  with  which  the  bulk  of  the  ore  is 
associated  appears  highly  siliceous.  Along  the  public  road  south  of 
Ore  Knob,  silvery  mica  schist,  probably  of  the  Valleytown  formation, 
outcrops  in  several  places,  east  of  which  were  seen  ore  and  sandy 
d6bris.  A  short  distance  to  the  east,  in  the  valley  of  Little  Tumip- 
town Creek,  the  typical  blue  Nantahala  slate  was  observed.  All  the 
observations  made  in  the  locality  indicate  dips  of  40°  or  more,  gen- 
erally to  the  southeast.  The  strike  of  the  rocks  is  usually  east  of 
north,  but  in  places  swings  around  nearly  to  north,  and  as  nearly  as 
could  be  determined  the  trend  of  the  ore  belt  conforms  closely  to 
that  of  the  adjacent  rocks.     Thus  the  ore  occurs  in  a  belt  close  to  the 
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contact  of  the  Valleytown  formation  and  Nantahala  slate.  As  the 
beds  are  disposed  the  Nantahala  overlies  the  Valleytown,  being 
thrust  over  on  it  from  the  east.  The  ore  apparently  lies  along  the 
line  of  the  thrust  fault. 

Character  and  origin  of  ore. — This  conclusion  as  to  the  location  of  the 
ore  with  respect  to  the  fault  is  in  accord  with  observations  on  the  char- 
acter of  the  ore  itself,  some  of  which  is  a  quartzite  breccia  cemented  by 
iron  oxide.  Much  of  the  ore  is  highly  siliceous,  being  in  some  places  a 
mere  film  of  iron  oxide  on  a  quartzitic  nucleus.  Some  of  it  is  black, 
suggesting  an  admixture  of  manganese  oxide;  but  the  bulk  of  the 
material  is  the  common  limonite  or  brown  ore.  Though  the  ore  is 
siliceous  in  part,  much  of  it  is  very  pure,  and  the  study  of  that  already 
uncovered  indicates  that  with  careful  culling  good  ore  exists  in  large 
enough  quantity  to  make  the  occurrence  an  inviting  one  for  future 
development. 

A  faulted  zone  is  one  along  which  waters  might  either  descend  or 
ascend.  The  ores  here  discussed  appear  to  have  been  leached  from 
the  surrounding  rocks  and  deposited  by  descending  waters,  for  there 
are  no  sulphides  associated  with  the  ore,  as  would  probably  be  the  case 
if  it  were  due  to  ascending  waters.  If  this  hypothesis  as  to  the  origin 
of  the  ores  be  correct^  the  deposits  will  be  Umited  in  depth  but  may 
have  considerable  linear  extent.  Such  being  the  case,  careful  search 
along  the  western  edge  of  the  blue-slate  belt,  where  these  rocks  are 
thrust  upon  the  Valleytown  formation  and  Murphy  marble,  may  re- 
veal the  presence  of  other  valuable  deposits. 

DEPOSITS  NORTH  OF  CARTECAY  RIVER. 

Occurrence. — The  deposits  a  mile  east  of  EUijay  are  located  just 
north  of  Cartecay  River,  on  the  west  side  of  Randall  Branch.  The  hill 
in  which  the  ore  occurs  rises  about  300  feet  above  the  bed  of  the  river. 
The  old  workings  are  now  inaccessible,  but  according  to  reports  the 
ore  occurs  in  at  least  two  veins,  a  main  vein  and]another  of  less  width, 
which  are  exposed  in  a  tunnel  200  feet  long,  driven  from  a  point  near 
the  east  base  of  the  hill.  In  the  tunnel  a  winze  was  reported  nearly  50 
feet  deep,  wholly  in  ore.  A  surface  cut  has  also  been  made  at  one 
point,  exposing  an  ore  body  said  to  be  40  feet  thick,  though  the  width 
shown  in  the  tunnel  is  much  less  than  this,  or  about  25  feet.  A  few 
open  cuts  and  an  old  shaft  said  to  be  70  feet  deep  have  also  been  sunk 
on  the  ore.  On  the  south  side  of  the  hill  at  the  roadside  another  tun- 
nel has  evidently  been  started.  The  ore  can  be  traced  intermittently 
for  several  hundred  feet  along  the  hill  to  the  north,  and  the  under- 
ground and  surface  observations  point  to  a  fairly  large  body  above 
drainage  level.  The  rocks  in  the  immediate  locality,  among  which  the 
blue  Nantahala  slate  predominates,  have  variable  strikes,  ranging  from 
N.  15°  E.  to  N.  44°  E.,  and  the  strike  of  the  main  ore  body  is  about  N. 
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30°  E.,  with  a  dip  of  50°  SE.  The  ore  body  is  thus  confonnable  to  the 
inclosing  slates.  The  country  rock  immediately  east  is  blue  slate, 
regarded  as  characteristic  Nantahala.  Farther  south,  in  the  town  of 
East  Ellijay,  the  same  slate  outcrops  along  the  roadside,  striking 
about  30°  east  of  north,  and  dipping  at  high  angles  to  the  southeast. 
At  the  bridge  over  Cartecay  River  the  blue  slates  also  outcrop.  Some 
of  the  rock  in  the  valley  of  Randall  Branch  is  grayish  mica  schist,  not 
entirely  characteristic  of  the  Nantahala,  and  it  is  possible  that  here,  as 
at  Ore  Knob,  the  ore  is  situated  close  to  a  fault  contact. 

Oharacter  and  origin  of  ore, — The  ore  itself  is  the  usual  brown  ore  or 
Umonite.  Some  of  it  is  rather  siUceous,  but  the  available  analyses 
indicate  a  high-grade  ore,  as  shown  below : 

Analyses  of  iron  ore  east  of  Ellijay  ^  Ga. 


1. 


Metallic  Iron 51.48 

Silica  and  insoluble 8. 29 


Phosphorus . 
"lur 


Sulph 

Moisture  at  212°  F. 


1.06 
Trace. 


2. 


54.61 


.917 


65.71 
4.65 
.226 
.148 


4. 


50.88 

9.28 

1.90 

.01 

1.12 


1   From  an  average  sample  taken  across  the  bigvein  in  the  main  tunnel,  by  Hall  Brothers,  mining 
engineers,  Atlanta,  Ga.    Analysis  made  in  the  N.  P.  Pratt  laboratory,  Atlanta,  Ga. 

2.  Ore  from  vein  in  main  tunnel.    John  M.  McCandless,  chemist,  Atlanta,  Ga. 

3.  Ore  from  outcrop.    Hodge  &  Evans,  chemists,  Anniston,  Ala. 

4.  From  sample  taken  entirely  across  the  face  of  vein  and  collected  by  S.  W.  McCallle.    Analysis  made 
In  the  N.  P.  Pratt  laboratory,  Atlanta,  Ga. 

These  analyses  show  an  ore  with  a  fair  content  of  metallic  iron, 
high  in  phosphorus,  and,  with  the  exception  of  the  outcrop  sample 
analyzed  by  Hodge  &  Evans  (No.  3),  low  in  sulphur. 

Like  the  occurrence  at  Ore  Knob,  the  ores  east  of  Ellijay  appear  to 
be  due  to  surface  or  shallow  underground  waters  which  have  leached 
the  iron  from  the  garnet,  staurolite,  pyrite,  and  other  iron-bearing 
minerals  contained  in  surrounding  rocks  and  deposited  it  in  its  pres- 
ent position.  The  planes  of  schistosity  which  exist  in  the  slates  of 
this  region,  especially  if  the  rock  is  at  all  calcareous,  would  facilitate 
the  movement  of  such  solutions.  Along  a  fault  which,  it  is  quite 
possible,  exists  here,  the  movement  of  such  waters  would  probably 
be  more  pronounced,  and  in  such  a  position  the  ore  most  likely  would 
occur  in  largest  amount. 

DEPOSITS  NEAR  TALONA. 

Occurrence  and  development. — Near  the  point  where  Talona  Creek 
crosses  the*  Louisville  and  Nashville  Railroad,  about  l\  miles  north 
of  Talona  station,  a  wide  vein  of  iron  ore  has  been  exposed  in  an 
open  cut  on  the  west  side  of  the  valley  near  the  valley  floor.  The 
Murphy  marble  underlies  the  valley  here  and  extends  upward  a  short 
distance  on  the  hillside  to  the  west.     The  ore  occurs  between  the 
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marble  on  the  east  and  a  satiny  schistose  phase  of  the  Valleytown 
formation,  which  in  the  immediate  vicinity  is  a  dull  reddish  brown  or 
blue,  on  the  west.  The  attitude  of  the  schist  could  be  readily  deter- 
mined; not  so  easily,  however,  that  of  the  marble,  owing  to  the  dif- 
ficulty of  identifying  true  bedding  planes.  The  schist  strikes  between 
20''  and  25''  east  of  north  and  dips  from  40''  to  50°  SE.  In  the  open 
cut  already  excavated  the  ore  appears  as  a  practically  solid  ledge. 
To  judge  from  ore  in  place  to  the  west,  the  lead  is  nearly  50  feet 
thick,  although  it  may  not  be  all  solid  ore.  It  can  be  traced  for  a 
long  distance  to  the  north  and  not  so  far  southward.  At  the  time  of 
visit  several  hundred  tons  of  ore  had  been  mined  and  placed  on  the 
stock  pile  since  the  beginning  of  operations  in  August,  1907,  and  the 
North  Geoi*gia  Marble  Company,  which  controls  the  property,  was  at 
that  time  building  a  spur  track  to  the  railroad. 

Character  and  origin  of  ore, — The  ore  is  limonite  and  does  not  differ 
materially  from  that  above  described.  Its  origin,  however,  is  dis- 
tinctly different  in  that  it  is  apparently  not  along  a  fault  plane.  The 
Murphy  marble,  as  has  been  mentioned,  underlies  the  valley  floor 
and  the  schist  to  the  west  is  probably  in  the  Valleytown  formation, 
lying  normally  below  the  marble.  Such  a  contact  between  insoluble 
schists  and  a  marble  offers  a  natural  channel  for  the  descent  of  super- 
ficial waters,  and  it  is  quite  possible  for  the  iron  oxides  leached  from 
the  ferruginous  minerals  in  the  adjacent  formations  to  concentrate 
along  such  a  contact  and  to  be  subsequently  oxidized.  The  ore 
body  will  probably  be  found  to  extend  only  to  moderate  depths,  but 
the  quantity  of  ore  above  ground-water  leviel  will  be  large  owing  to 
the  linear  extent  of  the  deposit. 

Two  analyses  of  this  ore,  kindly  furnished  to  the  writer  by  Mr.  H. 
A.  Field,  of  EUijay,  are  as  follows: 

Analyses  of  Talona  iron  ore. 


Metallic  iron. 
SUica........ 

lifanganese.. 
Phosphorus. 


49.00 
16.50 


.37 


2. 


51.80 

12.04 

.30 

.67 


1.  Childers  &  Hunter,  Knoxville,  Tenn.,  analysts. 

2.  Analysis  made  by  the  Virginia  Coal  and  Coke  Company. 


These  analyses  show  the  Talona  ore  to  be  of  a  fairly  good  grade. 
Phosphorus  is  high,  but  if  it  does  not  run  any  higher  onJTurther  de- 
velopment it  is  not  objectionable. 
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PETROLEUM  AND  NATURAL  GAS. 


THE  MINER  RANCH  OIL  FIELD,  CONTRA  COSTA 

COUNTY,  CAL." 


By  Ralph  Arnold. 


Location. — The  Miner  ranch  oil  field  is  located  on  Lauterwasser 
Creek,  one  of  the  branches  of  San  Pablo  Creek,  near  De  Laveaga, 
Contra  Costa  County,  Cal.  It  is  about  8  miles  north-northeast  of 
Oakland  and  is  reached  by  road  from  that  city  and  also  from  the 
several  towns  south  of  San  Pablo  Bay  and  west  of  Mount  Diablo. 
The  topography  in  the  vicinity  is  characterized  by  moderately  steep- 
sided  canyons  and  rounded  hills,  some  of  which  attain  an  elevation  of 
over  1,500  fe^t  above  the  adjacent  valleys.  The  elevation  at  the 
wells,  which  are  in  the  hills  immediately  south  of  Lauterwasser  Creek, 
is  between  500  and  700  feet  above  sea  level. 

HISTORY    OP    PETROIiEUM    PROSPECTING    IN    CONTRA 

COSTA  COUNTY.  & 

Contra  Costa  County  was  one  of  the  first  counties  in  California  in 
which  petroleum  was  discovered,  its  presence  being  known  as  far 
back  as  1864,  when  prospect  wells  were  drilled  IJ  miles  south  of  the 
Empire  coal  mine.  The  following  is  a  sununary  of  the  attempted 
petroleum  devolopments  in  the  county  to  date: 

1864.  J.  W.  Cniikshank,  about  IJ  miles  south  of  the  Empire  coal  mine.     Several 

experimental  wells,  one  300  feet  deep;  green  oil  of  high  specific  gravity; 
pumped  about  15  barrels. 

1865.  Adams  Petroleum  Company,  on  Coates  estate,  south  of  Empire  coal  mine. 

Several  shallow  wells,  from  which  some  oil  was  obtained. 

a  The  writer  wishes  to  acknowledge  his  indebtedness  to  Dr.  J.  C.  Merriam,  of  Berkeley,  and  Mr.  W.  E. 
Holbrook,  president  of  the  American  Oil  and  Refinery  Company,  of  San  Francisco,  for  courtesies 
extended  and  assistance  rendered  daring  the  examination  of  this  field. 

t>  The  information  contained  in  this  section  is  derived  largely  from  rei>ort8  by  W.  L.  Watts  in  Thir- 
teenth Rept.  Califomia  State  Mineralogist,  1896,  pp.  570-571,  and  Bull.  No.  19  California  State  Mining. 
Bureau,  1900,  pp.  156-157. 
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K  Chandler  well,  on  Miner  ranch,  Bouth  bank  of  Lauterwaeser  Creek.     One  well, 

200  feet  deep,  yielded  small  quantity  of  heavy  oil  and  water. 
>.  Ciunming  well,  on  Miner  ranch,  one-fourth  mile  east  of  Chandler  well.    Pene- 
trates 20  feet  of  petroliferoiu  shale  and  then  280  feet  of  sandstone;  yielded 
traces  of  petroleum. 
1896.  Sonntag  well,  on  Allen  ranch,  one-half  mile  east  of  the  Ciimining  well.    lOOfeet 
deep,  in  light-colored  sandstone. 
.  J.  W,  Laymance,  on  Old  Tar  ranch,  2  miles  east  of  San  Pablo.  '  170-foot  well, 
encountered  seepages  of  oil. 
1900.  Mount  Diablo  Oil  Company,  on  Old  Tar  ranch.    Several  wells  drilled  many 
years  ago;  drilling  operations  b^un  again  in  1900,  but  failed  to  get  oil. 
American  Oil  and  Refinery  Company.     (See  body  of  this  report.) 
Contra  Coata  Oil  and  Petroleum  Company,  on  Coates  estate,  1}  miles  south  of 

Empire  coal  mine.     One  or  more  wells. 
Grand  Pacific  Oil  Company,  on  Hodgee  ranch,  1  mile  east  of  Lafayette.    One 

Tide  Water  Oil  Development  Company,  Coates  estate,  1  mile  south  of  the  well 

site  of  the  Contra  Costa  Oil  and  Petroleum  Company;  ceased  operations  in 

1904. 
Sobrante  Oil  and  Investment  Company,  on  Castro  tract,  a  little  over  3  miles 

northeasterly  from  San  Pablo.    One  or  more  wells,   but  no  production; 

abandoned. 
San  Pablo  Oil  Company,  on  Mulford  ranch,  1  mile  northeast  of  San  Pablo. 

One  well  670  feet  deep;  traces  of  oil  and  considerable  gas;   now  abandoned. 
Point  Bichmond  Oil  Company,  on  Mulford  ranch,  3  miles  northeast  of  San 

Pabb.    Two  100-foot  wdls,  drilled  near  seepage,  but  got  no  production. 
Flood  randi,  1)  miles  south  of  Miner  ranch.    Old  well  with  traces  of  oil  on 

National  Para^  Oom|>Miy,  1}  miles  northeast  of  Lafayette.    One  well,  1,694 

feet  deep;  &D9»^a<«lon. 
Near-  the  corfler  ot  «Mb.  »,  10,  15,  and  16,  T.  1  N.,  B.  1  E.,  Mount  Diablo 

meridian.    All  old  wdt  ia  aaid  to  have  shown  traces  of  oil. 

Geology  afid structure. — ^11w$tiluy{>al  structural  feature  in  the  region 
of  the  Miner  raiudi  is  a  aoHlllwiiiltyrd-plunging  anticline  which 
crosses  LauterwaBStt  OreCk  just  e^  ^  the  ranch  house.  Along  the 
axis  of  this  fold  Am  IdSoliring  formations  are  exposed  in  order,  be- 
ginning a  jmle  or  MO  atottk^west  of  the  field  and  extending  to  its  south- 
east ed^:  Tejon  (BlooWie)  sandstone;  200±  feet  of  brown  sandstone, 
possibly  Vftqueros (lower  Miocene);  800 ±  feet  of  Monterey  (middle 
Miocone),  300  feet  shale  and  5D0±  feet  suidstone,  in  which  are  in- 
tercalated minor  quantities  of  Bbft  shale;  and,  finally,  the  feebly 
coherent  fresh-wat«r  conglomeftties,  sandstones,  and  shales  of  the 
Orindan  (Pliocene)  formation  of  Lawson  and  Palache."  The  petro- 
leum deposits  are  in  the  shales  and  sandstones  of  the  Miocene. 

The  sandstones  below  and  above  the  Monterey  shale  are  practically 
alike,  being  brown  to  gray  in  color,  medium  grained,  and  largely 
quartzitic.     The   upper   sandstone   is   locally  fossUiferous,  although 

'Bull.  Dept.  Gealog;,  Uulr.  Callfomla,  vol.  2,  IWl,  p.  371. 
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the  state  of  preservation  of  the  fossils  usually  precludes  anything 
but  a  rough  identification.  The  Monterey  shale  is  fairly  hard  and  is 
dark  colored  in  fresh  exposures,  but  weathers  to  a  much  Ugbter  cokMr. 
It  contains  many  of  the  yellow  and  gr^  c^oiireaus  concretions  so 
characteristic  of  the  Monterey  %^  DPiQSi^  P^o^  IQ^  the  Coast  Kange. 
The  shale  is  largely  organic  ivi  (Mn|^  fQ]^flpQ(liiufe  and  diatoms  being 
found  in  it  abundantly.  I^n^  ^^^SNAi!^  i:caBi4iis  in  the  shale  are  be- 
lieved to  be  the  source  of  tjia  ^  Tfhe  shale  is  considerably  con- 
torted, especially  near  the  axia  ol  tke  fold,  dips  of  42°  S.  86°  E.  and 
40°  S.  70°  E.  being  record«|  i«^|||Nft  a  short  distance  of  each  other 
in  the  bed  of  Lauterwasser  I^Sr^tiiV  northrnnt  of  the  Miner  ranch  house. 
At  the  same  locality  the  sli#|»  ib  exceedingly  pctroUferous,  yielding 
a  very  prominent  scum  of  lig^  (ril  when  the  rodL  in  the  stream  bed 
is  disturbed  with  a  pick.  The  <Kps  in  the  oveijjrnig  sandstone  are  not 
as  easily  obtainable  as  those  in  the  shale,  but  it  is  th^ni^t  that  the 
dip  on  the  northeast  flank  of  the  fold  grows  gradually  less  toward 
the  northeast. 

WeUs, — Eight  wells  have  been  drilled  in  the  Miner  ranch  field, 
none  of  which  have  so  far  been  successful.  They  range  in  depth 
from  about  570  feet  to  more  than  2,750  feet.  All  lie  on  the  north- 
east flank  of  the  Miner  ranch  anticline,  and  all  start  in  the  sand- 
stone above  the  Monterey  shale,  penetrating  at  first  the  upper  sands 
and  intercalated  soft  shales,  and  the  deeper  ones  eventually  reach- 
ing the  Monterey  shale.  All  the  wells  have  shown  more  or  less  gas; 
in  fact,  the  abundance  of  the  gas  is  one  of  the  characteristics  of  this 
field.  It  is  said  that  the  gas  pressure  was  responsible  for  the  collapse 
of  the  casing  in  at  least  two  of  the  wells.  One  well  is  said  to  have 
encountered  a  pocket  of  oil  at  a  depth  of  about  1,300  feet,  which 
flowed  300  barrels  of  oil  in  nine  hours.  This  is  the  only  well  in  the 
field  that  has  actually  produced  with  the  exception  of  the  Flood 
well,  li  miles  to  the  south,  which  is  reported  as  having  yielded  five 
barrels  of  29°  oil.  The  oil  and  gas  apparently  occur  in  pockets  or 
lenses  and  no  well-defined  oil  sand  or  petroliferous  zone  has  yet  been 
proved  to  be  present. 

Characteristics  of  the  oil  and  gas. — The  most  interesting  item  in 
connection  with  the  oil  from  the  Miner  ranch  field  is  its  relatively 
light  gravity,  said  to  be  about  29°,  as  compared  with  the  oils  from 
the  other  fields  in  the  State.  As  none  of  the  wells  were  producing 
oil  at  the  time  of  the  writer's  visit  (September,  1907),  it  has  been 
impossible  to  get  samples  of  the  oil  for  analysis  in  time  to  be  included 
in  this  report.  The  gas  from  the  Miner  ranch  field  is  noteworthy 
because  of  its  relatively  high  marsh-gas  content  as  compared  with 
many  of  the   gases  from  the  eastern  fields,  especially   those   of 
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Kansas.     Two  analyses^  of  the  gas  taken  at  Miner  ranch,  one  m 
1904  and  the  other  in  1907,  are  as  follows: 

Analyses  of  natural  gas  from  Miner  ranchy  Contra  Costa  County,  Cal. 


1. 


Marsh  gas  (CH4) per  cent. 

Hydrogen  (H|) do. . . 

Carbonic  acid  gas  (COt) do. .  . 

Nitrogen  (N)  and  residuum do. . . 

Specific  gravity."  (air=l),  calculated 

Calorific  value,  calculated,  British  ther- 
mal units 

Combustible per  cent. 

Noncombustible do. . . 


2. 


Marsh  gas  TCHO per  cent. 

Hydrogen  (Hf) do... 

Loss  and  unestimated do... 


Calorific  value.  .British  thermal  units. 


92.3 
7.6 
0.2 


100.0 


1,059.3 


\ 


1.  By  California  Gas  and  Electric  Co.,  San  Francisco,  1904. 

2.  By  A.  Auchie  Cunningham,  San  Francisco,  1907. 

Conclusions  concerning  future  development — The  Miner  ranch  oil 
field  seems  to  have  been  pretty  well  prospected  with  the  drill,  and  as 
no  productive  wells  have  so  far  been  brought  in  and  no  well-defined  oil 
sands  or  zones  discovered,  it  appears  reasonable  to  suppose  that  future 
development  will  fail  to  disclose  any  important  deposits  of  oil.  There 
is  no  question  that  considerable  quantities  of  oil  are  present  in  the  \ 
Monterey  shale  and  adjacent  beds,  not  only  here  but  in  other  parts  of  ^ 
the  county,  as  is  clearly  indicated  by  the  prospect  holes  and  surface 
evidence;  but  there  are  also  many  reasons  for  believing  that  this  oil  is  \ 
so  unifonhly  disseminated  in  the  shales  and  sands,  with  the  possible 
exception  of  local  and  relatively  unimportant  pockets,  as  to  preclude 
its  withdrawal  in  commercial  quantities  through  wells.  The  develop- 
ment of  gas  in  the  territory  is  another  matter,  but  as  the  oil  and  gas 
have  the  same  origin  and  are  influenced  similarly  by  the  same  condi- 
tions, it  is  believed  that  no  large  bodies  of  gas  are  contained  in  the  for- 
mations of  the  region.  Another  item  that  must  be  considered  in 
drawing  conclusions  concerning  the  future  of  this  field  is  that  the  or- 
ganic Monterey  shale,  which  is  believed  to  be  the  source  of  both  the  oil 
and  gas,  is  here  but  about  300  feet  thick,  an  amount  entirely  inade- 
quate under  the  most  favorable  conditions  for  supplying  large  quanti- 
ties of  hydrocarbons.  The  structural  conditions,  s>n  the  other  hand, 
are  in  general  favorable  for  the  accumulation  of  the  oil  and  gas  were 
they  present  in  sufficient  quantities  to  pay  for  exploitation. 


a  These  analyses  have  been  kindly  furnished  by  Mr.  W.  E.  Holbrook,  president  of  the  American  Oil 
and  Refinery  Company,  which  at  present  holds  the  Miner  ranch  property. 


PETROLEUM  IN  SOUTHERN  UTAH. 


By  G.  B.  Richardson. 


INTRODUCTION. 

The  recent  discovery  of  petroleum  near  Virgin  City,  Utah,  has 
caused  much  local  excitement  and  attracted  considerable  capital. 
Outside  of  newspaper  items,  however,  very  little  has  been  published 
concerning  the  oil,  and  the  following  note  has  been  prepared  to 
help  supply  the  demand  for  information.  The  writer's  personal 
knowledge  of  the  field  is  limited  to  the  information  obtained  dxiring 
a  day's  visit  to  Virgin  City  shortly  after  the  announcement  of  the 
discovery. 

LOCATION. 

Virgin  City  is  situated  on  Virgin  River  in  Washington  County,  in 
the  southwest  comer  of  Utah,  and  is  distant  about  90  miles  by  road 
from  Lund,  the  nearest  station  on  the  San  Pedro,  Los  Angeles  and 
Salt  Lake  Railroad.  The  new  oil  field  is  in  the  Plateau  province, 
near  the  eastern  boundary  of  the  Basin  Ranges.  The  country 
rises  northeastward  from  an  elevation  of  about  3,250  feet  at  Virgin 
City  to  over  10,000  feet  on  the  crest  of  the  plateau  30  miles  dis- 
tant. The  ascent  is  accomplished  by  successive  benches  which 
rise  «teplike  one  above  another.  This  region  is  drained  by  Virgin 
River  and  its  tributaries,  which  for  many  miles  flow  through  steep 
narrow  canyons  among  some  of  the  grandest  scenery  on  the  continent. 
The  area  here  considered  is  included  in  the  region  covered  by  C.  E. 
Button's  report  on  ''The  Geology  of  the  High  Plateaus  of  Utah,'' 
published  in  1880. 

OUTIilNE  OF  GEOIiOGY. 

STRATIGRAPHY. 

This  portion  of  the  Plateau  province  is  imderlain  by  almost  flat- 
lying  strata  which  range  in  age  from  Carboniferous  to  Eocene.  The 
several  formations  are  distinctly  marked  lithologically  and  are  char- 
acteristically  colored   so   that  they   can  be  readily  distinguished. 
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They  outcrop  in  broad  belts  extending  in  a  general  east-west  direc- 
tion, the  harder  rocks  forming  escarpments  and  the  softer  ones  the 
intervening  stretches.  The  oldest  formation  in  the  Virgin  City 
region  is  a  thick,  massive  gray  limestone  of  upper  Carboniferous  age 
which  underlies  the  broad  plateau  between  Virgin  River  and  the 
Grand  Canyon  of  the  Colorado.  Above  this  limestone  there  is  a 
mass  of  red  beds  of  variable  thickness,  in  the  vicinity  of  Virgin 
City  approximating  3,000  feet.  These  are  in  the  main  soft,  thin- 
bedded  rocks,  chiefly  argillaceous  and  calcareous  shales,  with  some 
beds  of  sandstone  and  limestone.  The  group  of  red  rocks  is  separated 
into  two  distinct  parts  by  a  formation  composed  of  gray  sandstone 
and  conglomerate,  which  in  the  area  considered  is  less  than  100  feet 
thick,  though  in  Arizona  it  is  reported  to  be  much  thicker.  Occurring 
between  softer  rocks,  this  siliceous  formation  is  prominent  and  com- 
monly constitutes  a  broad  bench  capping  the  underlying  beds  in  a 
scarp,  while  the  upper  softer  rocks  have  been  eroded  from  the  plat- 
from  and  form  the  slope  of  the  next  succeeding  escarpment.  The 
rocks  beneath  the  prominent  sandstone  and  conglomerate  are  prob- 
ably of  Permian  age,  and  the  conglomerate,  with  the  overlying  red  beds, 
is  considered  to  be  Triassic.  The  lower  red  beds  are  the  oil-bearing 
rocks. 

Above  the  soft  red  beds  there  is  a  great  development  of  sandstone 
which  in  this  region  is  about  2,500  feet  thick.  The  lower  part  of  this 
sandstone  is  characteristically  dark  red;  the  upper  part  is  peculiarly 
cross-bedded  and  is  of  a  prevailing  light  color.  This  great  mass  of 
sandstone  is  the  most  conspicuous  geologic  feature  of  the  region.  It 
forms  prominent  cliffs  which  can  be  followed  for  many  miles  and 
through  which  deep  canyons  have  been  cut. 

The  sandstone  is  succeeded  by  about  1,200  feet  of  generally  soft 
varicolored  beds,  including  reddish  and  green  shales,  white  limestone, 
and  gypsum  of  Jurassic  age.  These  rocks  are  commonly  eroded  into 
badland  topography.  They  are  overlain  by  about  3,000  feet  of^bufl 
and  gray  sandstones  and  shales  which  contain  workable  beds  of  coal 
and  are  of  Upper  Cretaceous  age.  Above  these  rocks  are  varicolored 
shale,  sandstone,  and  limestone  of  Eocene  age  which  outcrop  in  the 
Pink  Cliffs  and  cap  the  summit  of  the  high  plateaus. 

Although  the  rocks  of  the  plateau  region  in  the  vicinity  of  Virgin 
City  are  prevaiUngly  sedimentary,  there  are  small  areas  covered  by 
basaltic  lavas  of  post-Eocene  age. 

STRUCTURE. 

The  strata  in  general  dip  northeastward  at  a  low  angle,  averaging 
possibly  between  1°  and  2°.  The  continuity  of  the  beds  is  broken, 
however,  by  a  number  of  faults  trending  in  general  north  and  south, 
some  of  which  have  displacements  of  1,000  feet  or  more.     One  zone  of 


I 


PETBOLEUM  IN   SOUTHERN   UTAH.  345 

dislocation  extends  approximately  along  Hurricane  Cliff,  through 
which  Virgin  River  cuts  its  way  about  7  miles  below  Virgin  City. 
This  zone  of  fracture  has  been  traced  from  the  Grand  Canyon  to 
Virgin  River  and  northward  along  the  western  base  of  the  plateau  in 
the  vicinity  of  the  Mormon  settlements  of  Torquerville,  Belleview, 
Kanarra,  and  Cedar  City.  Along  portions  of  this  zone,  especially 
between  Cedar  City  and  Kanarra,  the  strata  are  much  disturbed 
and  are  steeply  tilted.  Another  conspicuous  line  of  disturbance 
extends  along  the  headwaters  of  Virgin  River  in  what  is  known  as 
Long  Valley. 

OCCITRRENCT5   OP   PETROIiEUM. 

The  Carboniferous  limestone  outcrops  a  few  miles  west  of  Virgin 
City  and  the  town  is  immediately  underlain  by  the  Permian  (?)  red 
beds,  in  which  Virgin  River  has  cut  a  relatively  broad  valley.  The 
overlying  sandstone-conglomerate  formation  marks  a  prominent 
bench  north,  east,  and  south  of  the  toWn,  beyond  which,  to  the  north 
and  east,  the  upper  red  beds  slope  up  to  the  base  of  the  escarpment 
made  by  the  massive  red  sandstone. 

Oil  seeps  have  long  been  known  in  the  vicinity  of  Virgin  City.  One 
of  them  occurs  close  to  the  river  about  IJ  miles  west  of  the  town,  and 
it  is  reported  that  the  existence  of  this  seep  was  the  cause  of  sinking 
the  discovery  well  in  the  summer  of  1907.  This  well  is  located  in  the 
flood  plain  of  North  Creek,  a  tributary  of  Virgin  River,  about  2  miles 
north  of  Virgin  City.  The  boring  was  started  in  the  lower  red  beds 
and  apparently  did  not  pass  through  them,  though  it  must  have 
stopped  not  far  from  the  bottom  of  the  formation,  near  the  Carbonif- 
erous limestone.  A  complete  record  of  the  drill  hole  was  not  kept. 
Oil  was  struck  on  July  13,  1907,  at  566  feet  below  the  surface  and  the 
well  was  sunk  to  610  feet.  The  oil  is  reported  to  stand  in  the  well  300 
feet  below  the  surface,  thus  being  under  pressure  sufficient  to  cause 
it  to  rise  266  feet.  A  few  hundred  barrels  are  said  to  have  been 
pumped  when  work  was  stopped  by  a  flood  on  July  27.  This  stage  of 
development  was  reached  when  the  writer  visited  the  field  a  few  days 
later. 

The  following  statement  of  conditions  at  Virgin  City  in  January, 
1908,  is  extracted  from  a  letter  from  Mr.  Thomas  Downey,  of  the 
Paraffin  Virgin  Oil  Company.  Fifteen  oil  rigs  were  then  in  the  field, 
but  only  four  were  being  operated.  Seven  wells  had  been  sunk 
supposedly  to  the  oil  horizon  and  some  oil  was  found  in  each,  but  the 
amounts  were  not  given  by  Mr.  Downey.  He  states,  however,  that 
none  are  as  good  as  the  discovery  well,  which  is  reported  to  produce 
about  10  barrels  in  twenty-four  hours.  Claims  have  been  staked  far 
and  wide,  but  oil  has  not  yet  been  reported  outside  of  the  immediate 
vicinity  of  Virgin  City. 
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The  occurrence  of  petroleum  in  red  beds  is  unusual.  Such  beds  in 
general  are  beUeved  to  have  accumulated  in  bodies  of  water  in  which 
there  was  Uttle  life,  for  the  presence  of  much  organic  matter  would 
tend  to  reduce  the  ferric  salts  of  the  pigment  to  more  somber-colored 
compounds.  If  barren  conditions  existed  in  this  area  during  the 
deposition  of  the  red  beds,  the  source  of  the  petroleum  probably 
must  be  sought  in  the  decomposition  of  organic  matter  in  the  under- 
lying Carboniferous  limestone. 

QUAIilTY  OP  THE  Olli. 

A  small  sample  was  collected  by  the  writer  from  an  open  vat  in 
which  the  oil  had  been  exposed  to  the  weather  for  a  week  or  more. 
This  sample  was  examined  by  David  T.  Day,  who  reports  that  it  has  a 
specific  gravity  of  0.9225,  equivalent  to  22°  Baum6,  and  that  it 
contains  some  paraffin,  a  large  percentage  of  asphalt,  and  apparently 
considerable  sulphur,  including  hydrogen  sulphide.  A  larger  sample, 
received  by  Dr.  Day,  was  analyzed  by  him  with  the  following  results: 

Chemical  examination  of  crude  petroleum  from  Virgin  City^   Utah. 

Color,  black. 

Odor,  hydrogen  sulphide. 

Specific  gravity,  0.918  =  22.5°  Baum6. 

Results  of  distillation: 

Sample  began  to  boil  at  60°  Centigrade. 

Distillate  obtained —  Per  cent. 

Below  150°  C. — gasoline  and  naphtha 2. 1 

Between    150°   and    300°    C. — illuminating   oil    (specific 

gravity,  0.784) 19. 5 

Residue  (specific  gravity,  0.9475) 78. 4 

Examination  of  the  gasoline  and  illuminating  oils  obtained  above  showed  both  to 
be  principally  saturated  hydrocarbons,  probably  chiefly  of  the  paraffin  series.  Ex- 
amination of  the  residue  showed  it  to  contain  49.7  per  cent  of  asphalt  and  29.4  per 
cent  of  parafiin  wax,  the  remainder  consisting  of  heavy  oils  and  resinous  material. 
From  the  above  it  is  evident  that  though  a  satisfactory  illuminating  oil  can  be  obtained 
from  this  Utah  crude  petroleum,  the  yield  is  comparatively  small  and  the  petroleum 
is  better  suited  to  use  as  a  fuel  oil.  This  rendered  the  determination  of  the  sulphur 
advisable,  and  by  Carius's  method  the  result  waa  0.45  per  cent.  Much  of  this  is  in  the 
form  of  hydrogen  sulphide,  easily  separated  by  steaming,  hence  the  oil  is  preferable 
for  fuel  purposes  to  Texas  oil.  The  percentage  of  sulphur  obtained  is  lower  than  that 
found  by  other  analysts,  the  difference  being  probably  due  to  the  fact  that  this  sample 
was  taken  from  a  barrel  which  had  been  standing  a  month  or  more  since  taken  from 
the  well. 

FUTURE   OP   THE  FIEIiD. 

The  encouraging  news  that  petroleum  of  a  fair  grade  was  found  in 
promising  quantity  in  the  first  well  is  offset  by  the  fact  that  six  others 
have  been  sunk  without  encountering  oil  in  paying  amounts.  Yet, 
considering  the  present  scanty  knowledge  of  the  conditions,  little  can 
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be  predicted  concerning  the  future  of  this  field.  Whether  oil  exists 
here  in  profitable  amount  can  be  detemiiued  only  by  the  drill.  To 
judge  from  what  is  known  of  the  geblogy,  the  general  conditions  are 
not  unpromising,  although  there  are  unfavorable  complications.  In 
many  oil-bearing  areas  an  anticlinal  structure  has  prevented  the 
escape  of  petroleum  stored  in  the  rocks,  but  the  strata  here  are  not 
folded;  moreover,  the  Virgin  field  is  traversed  by  profound  faults 
that  possibly  provided  means  of  escape  for  oil  that  may  have  been 
present.  The  thickness  of  the  oil-bearing  stratum,  which  appears  to 
be  a  layer  of  sand  in  the  lower  red  beds,  has  not  been  reported  and 
whether  or  not  it  is  persistent  over  a  wide  area  is  undetermined. 
However,  the  stratigraphy  of  the  lower  red  beds  is  known  to  be  varied 
and  it  is  probable  that  the  oil-bearing  rocks  occur  as  lenses  rather  than 
as  persistent  beds.  If  the  petroleum  has  accumulated  in  lenses  of- 
porous  sandstone  the  surrounding  relatively  impervious  shale  would 
tend  to  prevent  its  escape,  so  that  under  the  circumstances  this  pos- 
sible mode  of  occurrence  of  petroleum  in  the  Virgin  field  is  f  ortxmate 
rather  than  otherwise.  But,  on  the  other  hand,  such  hypothetical 
reservoirs  can  not  be  predicted  by  surface  indications  and  an  unusually 
large  element  of  chance  confronts  the  prospector. 

In  prospecting  in  the  possible  eastward  continuation  of  this  field, 
the  outcrop  of  the  massive  red  sandstone  that  lies  above  the  red  shale 
will  serve  as  a  valuable  aid.  It  would  be  futile  to  attempt  to  strike 
the  Virgin  City  oil  horizon  in  wells  situated  above  this  formation, 
because  of  the  great  thickness  of  the  rocks  that  would  have  to  be 
penetrated.  The  sandstone-conglomerate  formation  that  separates 
the  upper  and  lower  red  beds  is  also  an  important  horizon  marker 
in  following  the  oil-bearing  rocks.  It  should  be  borne  in  mind  that 
the  Virgin  City  oil  occm-s  in  the  red  beds  beneath  this  siUceous  for- 
mation, which  usually  is  conspicuous. 


GAS  FIELDS  OF  THE  BIGHORN  BASIN,  WYOMING. 


By  Chester  W.  Washburne. 


IT^TROD  UCTION. 

A  strong  flow  of  natural  gas  has  recently  been  obtained  in  a  well 
near  Gray  Bull,  Wyo.  In  view  of  the  wide  distribution  of  the  strata 
that  contain  the  gas  at  Gray  Bull,  and  the  signs  of  gas  at  other  places, 
suggesting  the  further  extent  of  the  gas-producing  region,  a  descrip- 
tion of  the  field  seems  desirable. 

The  field  work  on  which  the  present  paper  is  based  was  done  in  the 
summer  of  1907  in  the  course  of  an  investigation  of  the  coal  deposits 
and  general  geology,  made  under  the  direction  of  C.  A.  Fisher.  Max 
A.  Pishel  and  Homer  P.  Little  acted  as  field  assistants.  For  well 
records  and  similar  data,  the  writer  is  indebted  to  Henry  Sherard 
and  Philip  Minor,  of  Basin,  Wyo.,  and  to  L.  A.  Corey,  of  Bridger, 
Mont. 

The  only  previous  mention  of  oil  or  gas  within  the  field  studied  by 
the  writer  is  in  the  repqrt  by  C.  A.  Fisher  on  the  geology  and  water 
resources  of  the  Bighom^basin.^  Fisher  mentions  the  escape  of  gas 
from  alluvial  sands  near  Byron,  Wyo.,  and  from  a  dug  well  3  miles 
east  of  Basin,  Wyo. 

The  Bonanza  field,  close  to  the  southeast  comer  of  the  area  studied 
by  the  writer  (see  PI.  Ill),  has  been  described  by  several  geologists. 
In  1888  L.  D.  Ricketts^  described  an  oil  spring  in  sec.  23,  T.  49  N., 
R.  91  W.,  and  gave  an  analysis  of  the  oil.  Later  W.  C.  Ejiight^  also 
mentioned  the  same  spring.  Knight  visited  the  Bonanza  oil  field 
in  1903  and  found  two  abandoned  wells,  one  of  which  is  reported  to 
have  struck  some  oil,  the  other  only  artesian  water.  The  wells, 
according  to  Knight,  were  poorly  located.  Fisher^  describes  the 
oil  springs  near  Bonanza  and  gives  an  analysis  of  the  oil. 


a  Prof.  Paper  U.  S.  Geol.  Survey  No.  53,  p.  59. 

6  Rept.  Territorial  Geologist  of  Wyoming,  1888,  pp.  39-40. 

c  Bull.  Wyoming  Exp.  Sta.  No.  14, 1893,  p.  11. 

d  Loc.  cit. 
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OEOIiOGIC  CONDITIONS. 

STRATIGRAPHY. 
GENERAL    OUTLINE. 

A  knowledge  of  the  stratigraphic  column  is  most  important  to  the 
driller.     This  column  is  as  follows: 

Stratigraphic  column  in  Bighorn  basin j  Wyoming. a 


System  or  series. 

Group. 

Formation. 

Thickness 
(feet). 

Characteristics. 

Lower 
Eocene. 

Wasatch. 

500+ 

Bright-colored  terrestrial  clays. 

Tertiary. 

Fort  Union. 

1.000      to 
2,000 

Dark-colored  shale,  with  coal,  and  mass- 
ive sandstone. 

Laramie. 

150  to  700 

Massive  sandstone  with  subordinate 
shale,  coal  bearing. 

Montana. 

150 

Dark  marine  shale. 

300  to  400 

Variegated  terrestrial  clays  and  soft 
sandstone. 

Upper  Cretaceous. 

400  to  500 

Massive  fresh- and  brackish- water  sand- 
stones and  dark  shale. 

150  to  225 

Massive  fresh-  and  brackish-  water  sand- 
stones, separated  by  carbonaceous 
shale,  usually  coal  bearing. 

• 

Colorado. 

4,400 

Dark  shale  with  one  or  two  conspicuous 
sandstones,  not  divisible  in  this  field, 
though  more  than  1,500  feet  of  the  low- 
er part  of  the  group  is  known  to  be 
equivalent  to  the  Benton  shale. 

(?) 
Lower  Cretaceous. 

Cloverly. 

0   to    275 

Bright-colored  terrestrial  clays,  with 
massive  sandstones  at  the  top  and 
bottom. 

Jurassic. 

Morrison. 

250  to  350 

Bright,  variegated  terrestrial  clays  and 
soft  sandstone. 

Jurassic. 


(?) 


Sundance. 


Chugwater. 


225 


600  to  800 


Marine  limestone,  shale,  and  sandstone. 


"Red  Beds,"  bright-red  sandstone. 


Embar. 

215 

Marine  limestone  with  red  shale  at  base. 

Pennsylvanian. 

Tensleep. 

85 

Sandstone. 

Amsden. 

90 

Red  shale  and  purplish  sandstone,  with  a 
little  limestone. 

Mississippian. 

Madison. 

1,000 

Massive-bedded  limestone. 

«  For  the  recognition  of  the  formations  in  the  field  the  writer  is  indebted  to  the  guidance  of  C.  A. 
Fisher.  The  subdivisions  of  the  Montana  group  are  correlated  with  similar  subdivisions  proposed  by 
Stanton  and  Hatcher,  in  the  Judith  River  rMfion  of  northern  Montana.  (Stanton,  T.  W.,  and  Hatcher, 
J.  B.,  Geologv  and  paleontology  of  the  Judith  River  bejds:  Bull.  U.  S.  Geol.  Survey  No.  267, 1905.)  This 
correlation  also  is  made  possible  through  the  work  of  Fisher,  who  has  traced  the  formations  southward 
from  the  type  locality  into  Wyoming  and  wlip  wlU  soon  publish  hJs  conclusions  on  the  subject  in  one  of 
the  scientific  jounuU9, 
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To  the  prospector  for  gas  the  essential  part  of  this  stratigraphi 
column  is  the  Colorado  fonnation,  the  lower  part  of  which  b  sun 
marized  in  the  following  table: 

■  Generalized  section  of  lower  part  of  Colorado  formation  in  Bighorn  batin,  WyomiTig. 

Tat 

Sandetone,  thin  bedded.  Referred  to  as  sandatone  B.  Absent  in  the  north- 
ern part  of  the  district 20-^ 

Shales  with  a  few  thin  beds  of  sandstone  containii^  a  little  gas  in  the  Torch- 
l^ht  dome,  and  both  gae  and  oO  in  the  well  3  miles  northeast  of  Basin...        2^ 

Sandstone,  massive  yellow.    Keferred  tio  as  sandstone  A 65-K 

Shales,  black If 

Shale,  gray,  sandy,  hard,  dense,  siliceouB,  a  very  persistent  bed  and  a  con- 
spicuous rit^e  maker  at  the  top  of  the  Mowry  shale 3- 

Shales,  gray  and  black,  with  many  fossil  fish  Bcalee;  contain  numerous  layers 
of  hard  flinty  shale,  and  one  3-(oot  bed  of  bentonite;  the  Mowry  shale 2( 

Shales,  dark  bluish  and  black,  with  a  few  beds  of  volcanic  ash  and  white 
clay  (bentonite)  in  the  upper  part 21 

Shales,  black,  carbonaceous,  in  many  places  oily,  locally  containing  one  or 
more  lenses  of  sandstone  in  the  lower  100  feet 3( 

Sandstone,  thin  beds  3  to  18  inches  thick,  weathering  brown,  which  are  sepa- 
rated by  partings  of  black  shale  1  to  12  inches  thick;  the  "rusty  beds". . . .  20-l( 

III  most  sections  the  total  thickness  of  this  part  of  the  formatio 
18  about  1,350  feet. 

THE    QAS    HORIZON. 

Some  uncertainty  arises  from  the  lack  of  precise  knowledge  of  th 
gas  horizon.  There  can  be  no  doubt  that  the  gas  sand  is  close  t 
the  base  of  the  black  Colorado  shales,  but  it  can  not  yet  be  detei 
mined  whether  it  is  a  sandstone  in  the  lower  part  of  the  shales,  th 
"rusty  beds"  of  thin-bedded  sandstone  at  the  base  of  the  shales,  o 
the  underlying  Cloverly  sandstone.  This  range  of  uncertaint 
amounts  to  about  150  feet.  In  the  writer's  opinion,  based  on  th 
log  of  the  Gray  Bull  well,  the  gas  is  obtained  either  from  the  "rust; 
beds"  at  the  base  of  the  Colorado,  t>r  from  some  sandstone  in  th 
shales  less  than  100  feet  above  the  "rusty  beds,"  with  the  proba 
bilities  strong  in  favor  of  the  latter  position.  Coarse,  hard,  porou 
sandstones  in  the  latter  position  have  been  observed  at  a  number  c 
localities,  but  they  are  lenticular  and  in  many  places  absent.  Th 
"rusty  beds"  are  a  constant  feature  of  the  base  of  the  marine  Crete 
ceous.  Seemingly  they  are  as  a  group  a  true  basal  sandstone,  restin 
upon  a  rather  smooth  surface  of  erosion.  Beneath  this  erosional  sui 
face  at  some  localities  is  a  heavy  sandstone,  probably  the  lower  sand 
stone  of  the  Cloverly  formation;  but  at  most  places  the  Clover]; 
sandstone  is  absent  and  the  "rusty  beds"  rest  upon  maroon,  pint 
or  bright^een  shales  which  are  regarded  as  part  of  the  Morrisoi 
formation,  though  they  may  belong  to  the  Cloverly.  There  can  b 
no  doubt  as  to  the  lenticular  nature  of  the  Cloverly  sandstone  ani 
its  absence  over  most  of  the  area.  The  field  evidence  indicates  tha 
the  sandstone  was  removed  by  erosion  before  the  deposition  of  th 
overlying  marine  strata  of  the  Upper  Cretaceous, 
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If  the  only  gas  horizon  is  that  of  the  Cloverly  sandstone,  prospect- 
ing in  the  region  will  be  most  uncertain  because  of  the  limited  distri- 
bution of  that  bed,  as  a  well  might  be  drilled  where  the  structure 
was  favorable  for  the  accumulation  of  gas,  yet  not  obtain  gas  because 
of  the  absence  of  the  Cloveriy  sandstone.  This  condition  is  illus- 
trated diagrammatically  in  fig.  21.  A  is  an  anticline  in  which  the 
lenticular  sandstone  near  the  bottom  of  the  Colorado,  the  '^  rusty 
beds,''  and  the  Cloverly  sandstone  are  all  three  present.  B  is  an 
anticline  in  which  the  ''rusty  beds"  are  the  only  possible  gas-bearing 
strata,  the  Cloverly  sandstone  having  been  removed  by  pre-Colorado 
erosion.     In  the  absence  of  the  Cloverly,  the  ''rusty  beds''  could 


Sandstone  A 
Mowry  shale 

Black  shale 


Rusty  beds 
Cloverly  sandstone 
Morrison  shale 


Fig.  21.— Hypothetical  section  showing  gas-bearing  strata  present  in  anticline  A  and  absent  in  B. 

probably  serve  as  a  gas  reservoir.  Uncertainty  prevails  also  as  to 
the  distribution  of  the  lenses  of  sandstone  in  the  black  basal  Colo- 
rado shales.  These  lenses  may  or  may  not  be  present  at  any  locality 
where  a  well  might  be  located. 

SOURCES    OF   THE    OIL   AND   GAS. 

The  source  of  the  oil  and  gas  of  the  Colorado  sandstones  is 
probably  the  black  shales  at  the  base  of  the  Colorado.  These  shales 
are  oily  in  most  exposures  throughout  the  Rocky  Mountain  region. 
The  oil  of  the  "Red  Beds"  and  of  the  Madison  limestone,  mentioned 
on  page  361,  is  probably  derived  from  the  latter  rock.  Both  of  the 
sources  here  noted  as  possible  are  marine  formations. 

STRUCTURE. 

The  Bighorn  basin  gas  fields  are  on  the  slopes  of  the  anticline 
of  the  Bighorn  Mountains.  The  dips  of  the  region  are  in  general 
westward  at  angles  of  5°  to  20°,  but  this  westward  slope  is  inter- 
rupted by  numerous  small  anticlines.  It  is  in  these  minor  folds 
that  gas  may  be  looked  for.  They  are  isolated  from  each  other 
and  rise  abruptly  from  the  surrounding  areas.  Most  of  them  have 
the  form  of  slightly  elongate  domes  with  broad  crests  and  gently 
inclined  ends.  The  ground  plans  of  the  anticlines,  as  shown  by  the 
maps,  are  elliptical,  with  the  major  axis  of  each  ellipse  parallel  to  the 
adjacent  front  of  the  Bighorn  Mountains. 

The  anticlines  of  importance  as  possible  sources  of  gas  are  situated 
about  15  to  20  miles  from  the  Bighorn  Mountain  front.  Their  crests 
at  the  surface  are  near  the  sandstones  about  1,000  feet  above  the 
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base  of  the  Colorado,  referred  to  as  sandstones  A  and  B,  or  in  th« 
underlying  Mowry  shale  or  the  black  carbonaceous  shale  at  th< 
base  of  the  Colorado,  Anticlines  whose  tops  are  in  strata  ovei 
1,500  feet  above  the  base  of  the  Colorado  need  not  be  consideref 
as  possible  sources  of  gas,  for  many  years,  because  of  the  greai 
depth  of  the  gaa  horizon.  When  the  field  has  been  proved  thest 
anticlines  may  become  sources  of  gas,  if  the  value  of  the  produc 
should  warrant  such  deep  drilling.  Likewise,  those  anticlines  whosi 
crest  is  in  rocks  close  to  the  base  of  the  Colorado  shale  are  not  to  bi 
considered  as  sources  of  gas,  because  of  insufficient  cover.  Thi 
remaining  anticlines  which  may  be  considered  as  possible  gas  reser 
voirs  are  nine  in  number,  as  follows: 

Silvertip  anticline,  22  miles  aouth  of  Bridger,  Mont. 

Frannie  anticline,  1  mile  west  ot  Frannie,  Wyo. 

S:^  Creek  anticline,  2  miles  south  of  Frannie,  Wyo. 

Garlaod  anticline,  5  miles  northeast  of  Garland,  Wyo. 

Byron  anticline,  3  miles  north  of  Byron,  Wyo. 

Ionia  anticline,  8  miles  northeast  of  LovcU,  Wyo. 

Alkali  anticline,  10  miloB  south  of  IjOvoII,  Wyo. 

Peay  Hill  anticline,  2  miles  southwest  of  Gray  Bull,  Wyo. 

Torchlight  anticline,  3  miles  east  of  Basin,  Wyo. 

DETAILED  DESCRIPTIONS. 

PKAY   HILL   ANTICLINE. 

Along  Bighorn  River  near  Gray  Bull,  Wyo.,  there  is  a  small,  lo^ 
anticline  about  21  miles  long  and  2  miles  wide.  On  account  of  it 
broad,  flat  form  it  is  known  to  the  oil  drillers  as  the  "Peay  Hi! 
dome."  A  gas  well  has  been  drilled  in  the  central  part  of  this  domi 
on  the  east  bank  of  Bighorn  River,  in  the  northwest  comer  of  sec.  21 
T.  52  N.,  R.  93  W.  This  well  was  drilled  for  the  Peay  llill  Oil  an< 
Development  Company  by  Philip  Minor  and  Henry  Sherard,  ti< 
whom  the  writer  is  indebted  for  the  following  record : 


Log  of  the  Peay  Hill  Oil  and  Development  Comoarti/'s  gat  well,  7  J  mile 

southeagtof-ara. 

Tmcknaaa. 

rx^ith. 

17 
3-* 

J 

40-50 

38 
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The  top  of  the  well  is  165  feet  below  the  base  of  a  massive  sandstone, 
65  to  75  feet  thick,  which  forms  the  top  of  the  bluffs  above  Gray  Bull. 
This  sandstone  will  be  referred  to  as  sandstone  A.  It  is  conspicuous 
in  nearly  all  its  outcrops,  and  hence  a  very  important  horizon  marker 
in  the  Colorado  formation.  The  Gray  Bull  gas  horizon  is  950  to  965 
feet  below  the  bottom  of  this  sandstone. 

The  diameter  of  this  well  is  5f  inches  and  its  depth  is  801  feet.  The 
well  is  cased  down  for  500  feet.  It  has  maintained  a  steady  roaring 
flame  over  50  feet  high  almost  from  the  time  it  was  drilled,  July  14, 
1907,  to  the  date  of  this  writing,  January,  1908.  It  is  reported  that 
the  initial  height  of  the  flame  was  about  70  feet,  but  this  can  not  be 
verified;  certainly  the  gas  well  is  one  of  remarkable  volume  and 
through  it  large  quantities  of  gas  have  escaped  from  this  reservoir. 
Some  idea  of  the  pressure  of  this  well  may  be  obtained  from  the  fact 
that  the  escaping  gas  is  sufficient  to  lift  a  large  log  chain  composed  of 
J-inch  iron.  No  instrumental  measurements  of  pressure  have  been 
made,  but  a  rough  calculation  based  on  the  size  of  stones  which  the  gas 
would  eject  shows  that  the  pressure  in  September,  1907,  was  over  600 
pounds  to  the  square  inch.  Whether  or  not  this  pressure  is  diminish- 
ing can  not  be  determined  now,  for  according  to  the  most  rehable  in- 
formation no  change  has  been  detected  up  to  the  present  time.  One 
of  the  strangest  features  of  this  occurrence  is  the  fact  that  the  well  is 
drilled  within  a  few  feet  of  a  normal  fault,  yet  obtains  gas  under  high 
pressure.  The  throw  of  the  fault  is  about  24  feet.  One-fourth  mile 
north  of  the  well  is  another  fault  the  throw  of  which  is  60  feet.  Henry 
Sherard  reports  a  10-foot  fault  in  the  sandstone  250  yards  south  of  the 
last-mentioned  fault. 

From  a  study  of  the  nearest  available  geologic  section,  made  about 
10  miles  northwest  of  Gray  Bull,  it  would  seem  highly  probable  that 
the  gas  in  the  Gray  Bull  well  is  obtained  from  a  lenticular,  nonpersist- 
ent  sandstone  about  100  or  150  feet  above  the  base  of  the  Colorado 
formation,  in  a  series  of  black  shales.  Such  a  sandstone  outcrops  on 
the  wagon  road  from  Shell  to  Lovell,  about  6  miles  northeast  of  the 
gas  well.  This  sandstone  is  coarse  grained  and  of  loose,  porous  tex- 
ture. It  is  about  10  or  15  feet  thick  and  from  its  porosity  it  would 
seem  to  be  well  suited  to  hold  gas.  When  examined  in  the  outcrop, 
however,  no  odor  of  oil  or  gas  could  be  detected  in  this  rock.  Another 
possible  position  of  the  gas  horizon  is  in  the  ''rusty  beds"  about  50  or 
100  feet  below  this  sandstone  Moreover,  it  is  thought  by  some  that 
the  gas  is  obtained  from  the  Cloverly  sandstone,  which  is  the  next  un- 
derlying member  of  the  stratigraphic  column.  The  maximum  strati- 
graphic  range  of  uncertainty  is  about  150  feet.  The  only  way  the 
Gray  Bull  gas  horizon  can  be  definitely  located  at  present  is  by  refer- 
ence to  the  first  sandstone  above  the  Mowry  shale.     This  sandstone  is 

47076— Bull.  340—08 ^23 
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exposed  on  the  river  bluffs  opposite  Gray  Bull,  and  may  be  designatei 
sandstone  A.     The  gas  horizon  is  950  to  965  feet  below  its  bottom. 

The  drilling  of  the  Peay  Hill  well  near  Gray  Bull  is  very  importan 
for  an  understanding  of  the  economic  geology  of  the  region.  It  is  th 
first  well  to  obtain  a  flow  of  gas  in  commercial  quantities,  and  it  fui 
nishes  an  important  lesson  for  the  drilling  of  wells  in  the  futm^  by  indi 
eating  the  caving  nature  of  the  soft  shales  encountered  in  drilling  ani 
the  need  of  strong  casing.  On  account  of  the  lack  of  proper  casing  i 
this  well,  it  has  been  found  impossible  to  close  it  and  to  prevent  th 
escape  of  gas  in  valuable  quantities.  Unless  some  me'ans  are  found  t 
stop  this  Dow  of  gas  very  soon,  an  appreciable  diminution  of  pressur 
and  ultimate  exhaustion  of  the  well  may  be  expected. 

GARLAND   ANTICLINE. 

One  of  the  sharpest  and  most  pronounced  anticlines  of  the  regioi 
is  known  as  the  Garland  anticline.  This  fold  is  about  7  miles  long 
extending  from  Polecat  Creek,  near  the  crossing  of  the  Cody  brand 
of  the  Chicago,  Burlington  and  Quincy  Railroad,  to  Shoshone  River, 
mile  above  Byron,  Wyo.  Three  wells  have  been  drilled  in  this  anti 
cline  about  2  miles  west  of  Byron  for  the  purpose  of  obtaining  oil,  hu 
the  boring  did  not  penetrate  to  the  base  of  the  Colorado.  The  well 
were  drilled  by  the  Montana  and  Wyoming  Oil  Company,  of  Billings 
Mont.  The  depth  of  the  wells  is  about  900  feet.  The  well  first  drillei 
furnished  sufficient  gas  to  run  the  engine  during  the  drilling  of  th 
second  and  third  wells.  Moreover,  gas  has  been  observed  by  Fisher 
escaping  from  alluvial  sands  overlying  this  anticline.  The  wells  d 
not  reach  the  horizon  of  the  beds  that  yield  the  gas  near  Gray  Bui! 
and  it  is  not  known  whether  or  not  the  anticline  contains  commercjs 
quantities  of  gas. 

The  Gray  Bull  gas  horizon  at  the  base  of  the  Colorado  would  b 
found  at  a  depth  of  about  1,500  feet  beneath  the  highest  point  of  th 
axis  of  the  Garland  anticline.  Gas  might  occur  in  commercial  quan 
titles  at  a  higher  horizon  if  sandstone  were  encountered  of  suificien 
thickness  to  serve  as  a  reservoir.  This  may  be  inferred  from  th 
occurrence  of  gas  in  the  wells  near  Byron  at  various  horizons  in  th 
lower  part  of  the  Colorado  shale.  A  satisfactory  test  of  the  gas  fieli 
can  be  made  only  by  drilling  entirely  through  the  Colorado  into  th 
underlying  sandstone. 

The  three  wells  mentioned  above,  which  were  drilled  about  lOl 
yards  apart,  have  all  furnished  small  quantities  of  oil.  Accurate  \og 
of  the  wells  could  not  he  obtained  from  the  officers  of  the  company 
and  hence  the  oil  horizon  can  not  be  located  closely.  Description 
furnished  by  the  drillers,  however,  leave  no  doubt  that  the  oil  i 
obtained  from  a  thin  sandstone,  not  over  3  feet  thick,  in  the  uppe 

■  FlBher,  C.  A.,  I'rol.  Paper  U.  S.  Ceol.  Survey  No.  53,  1906,  p.  69. 


GAS  IN   BIGHORN   BASIN,  WYOMING.  355 

part  of  the  black  basal  Colorado  shales.  This  ''oil  sand''  is  overlain 
by  3  or  4  inches  of  fine-grained  limestone.  So  far  as  the  writer  knows, 
this  is  the  only  limestone  ever  found  in  the  Colorado  formation  in  the 
Bighorn  basin.  If  the  limestone  outcrops  at  the  surface,  it  has  never 
been  observed.  The  quality  of  the  oil  is  very  high,  as  shown  by  the 
following  report  by  David  T.  Day  on  oil  from  well  No.  1 : 

The  oil  is  light  red  by  transmitted  light,  with  brilliant  green  fluorescence.  It  con- 
tains no  water.  The  odor  is  almost  like  that  of  Pennsylvania  oil,  and  apparently  the 
oil  contains  no  sulphur,  therefore  no  determii^tion  was  made.  Specific  gravity  at 
15°  C,  compared  with  water  at  4°  C,  is  0.8315.  The  specimen  in  the  small  bottle 
submitted  by  you  shows  O.8I6.0    Distillation  of  the  sample  gave  the  following  results: 

Initial  boiling  point  77°  C. 

Per  cent. 

Naphtha  (specific  gravity  0.722) 14 

Illuminating  oil  (specific  gravity  0.761) 28 

Light  lubricating  oil 17. 5 

Residue  suitable  for  cylinder  oil 36 

Loss 4. 5 

Such  an  oil  as  this  would  make  very  satisfactory  oil,  if  transportation  facilities  were 
afforded,  for  by  properly  adjusting  the  distillation  method  a  larger  percentage  of  illu- 
minating oil  could  be  obtained.  This  is  shown  by  the  low  specific  gravity  of  the 
distillates. 

The  quantity  of  oil  that  could  be  obtained  from  these  wells  is  not 
known  to  the  writer.  They  are  kept  tightly  closed,  and  no  tanks  or 
other  means  of  storing  the  oil  have  been  prepared.  Until  the  wells 
are  opened  and  their  flow  is  measured  for  a  period  of  several  days, 
their  capacity  must  remain  unknown.  In  the  absence  of  such  tests 
the  general  inference  is  that  these  wells  have  not  yielded  oil  in  com- 
mercial quantities. 

TORCHLIGHT  ANTICLINE. 

The  Torchlight  anticline,  or  "dome,''  as  it  is  known  to  the  pros- 
pectors, is  about  3  miles  east  of  Basin,  Wyo.  The  dome  is  small, 
being  about  1  mile  long  and  one-half  mile  wide,  and  forms  part  of  a 
much  larger  antichne  extending  a  mile  or  more  to  the  northwest. 
The  dips  of  the  larger  anticline  are  so  gentle  that  it  seems  doubtful 
whether  its  structure  is  sufficiently  pronounced  to  favor  the  accumu- 
lation of  gas.  The  small  dome,  however,  must  be  considered  a 
favorable  structural  feature.  The  crest  of  this  little  dome  is  in  black 
shales,  probably  between  sandstones  A  and  B.  (See  section,  p.  350.) 
If  such  is  the  case,  the  gas  horizon  would  be  found  at  a  depth  of 
1,150  or  1,200  feet.  This  figure  is  uncertain  because  there  is  doubt 
as  to  the  correlation  of  the  sandstone  surrounding  the  gas  field,  here 
designated  sandstone  B.  It  is  thought  to  be  the  same  as  a  sandstone 
occurring  in  many  places  275  feet  above  sandstone  A. 

a  This  specimen  is  from  tiie  well  ofthe  Union  Qas  and  Oil  Company,  3  miles  northeast  of  Basin,  Wyo. 
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The  Torchlight  Drilling  and  Mining  Association  (Limited),  of  Basin, 
Wyo.,  has  two  wells  on  this  anticline.  Both  wells  are  2  inches  in 
diameter.  Well  No.  1  is  106  feet  deep.  It  obtains  gas  from  sandy 
shale  between  depths  of  15  and  85  feet,  with  a  very  strong  flow  of 
gas  from  a  thin  sandstone  at  a  depth  of  60  feet.  This  sandstone 
carries  water  highly  charged  with  bitter  salts.  The  log  of  well  No.  2 
is  given  below.  The  principal  gas  horizon  of  this  well  is  a  30-foot 
thin-bedded  sandstone  encountered  at  a  depth  of  192  feet.  The  sand- 
stone is  saturated  with  gas  and  contains  some  oil.  The  pressure  of  the 
gas  is  between  35  and  55  pounds  per  square  inch,  so  that  ordinarily 
the  water  in  the  well,  standing  65  feet  from  the  surface,  holds  the  gas 
quiet,  but  when  the  water  is  pumped  out  to  a  depth  of  110  feet  there 
is  a  good  flow  of  gas.  Part  of  this  gas  is  used  to  supply  a  4-horse- 
power  engine  and  two  stoves  at  the  driller's  camp. 

The  soil  on  the  Torchlight  dome  is  in  places  impregnated  with 
bituminous  matter  which  has  escaped  from  the  underlying  rocks. 
An  open  pit,  8  feet  deep,  is  said  to  give  off  a  strong  odor  of  ammonia, 
probably  a  product  of  organic  decomposition. 

Log  of  well  No.  2^  Torchlight  Drilling  and  Mining  Assodationy  3  miles  east  of 

Basing  Wyo. 


Depth. 


Shale,  sandy 

Sandstone  A,  contahiing  "sulphur  water,  with  some  soda  and  iron;''  tiaces  of  gas. 

Shale,  with  some  sandstone 

Sandstone,  thin  bedded,  containing  gas  and  a  little  oil 


OTHER  FAVORABLE  LOCALITIES. 
SILVERTIP   ANTICLINE. 

The  Silvertip  anticline  is  on  the  State  line  between  Montana  and 
Wyoming,  about  20  miles  northwest  of  Garland,  Wyo.  The  heart  of 
the  anticline  is  a  depression  known  locally  as  Elk  Basin.  The  bound- 
aries of  this  basin  correspond  approximately  with  the  boimdaries  of 
the  gas  field  which  might  be  developed  by  very  deep  drilling.  As 
thus  limited,  the  gas  field  would  be  about  3  miles  long  and  less  than  a 
mile  wide.  The  crest  of  the  anticline  is  in  the  upper  part  of  the 
Colorado  formation,  and  the  depth  to  the  rock  which  is  gas  bearing 
at  Gray  Bull  is  about  3,000  feet.  This  great  depth  precludes  the 
possibility  of  an  early  development  of  the  field,  if  indeed  it  should  be 
exploited  at  all.  But  the  structure  is  so  favorable  for  the  accumula- 
tion of  gas  at  this  point  that  the  possibility  of  the  field  needs  to  be 
pointed  out.  The  anticline  is  cut  by  many  cross  faults  trending  at 
right  angles  to  the  strike.    The  throw  of  some  of  these  faults  is  over 
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200  feet,  but  on  account  of  the  depth  of  the  gas  horizon,  it  is  believed 
that  they  would  not  interfere  with  the  accumulation  of  gas. 

FRANNIE   ANTICLINE. 

One  mile  west  of  Frannie,  Wyo.,  there  is  a  low  anticline  in  sand- 
stone A,  a  stratum  which  has  been  used  as  a  horizon  marker  through- 
out the  extent  of  the  field  studied.  The  depth  of  the  Gray  Bull  gas 
horizon  beneath  the  crest  of  this  anticline  is  about  1,000  or  1,100 
feet,  but  it  is  of  course  doubtful  whether  or  not  the  bed  is  actually 
gas  bearing  at  this  place.  The  anticline  is  crossed  by  a  fault  trending 
northeastward,  with  a  downthrow  of  about  50  feet  on  the  southeast 
side.  The  most  favorable  location  for  a  prospect  well  on  this  anticline 
would  be  near  the  southeast  comer  of  the  SW.  i  SW.  J  sec.  24,  T. 
58  N.,  R,  98  W. 

SAGE    CREEK   ANTICLINE. 

Another  anticline  about  2  miles  south  of  Frannie  station  is  here 
designated  the  Sage  Creek  anticline,  because  of  its  nearness  to  Sage 
Creek.  It  is  possibly  connected  with  the  Frannie  anticline,  which 
lies  3  miles  farther  northwest.  It  is  a  low  dome  of  sandstone  200 
yards  west  of  Sage  Creek,  on  the  south  line  of  sec.  6,  T.  57  N.,  R.  97  W. 
The  anticline  is  poorly  exposed,  being  partly  covered  by  drifting  sand, 
but  the  fact  that  sandstone  A  outcrops  in  flat  beds  at  this  point  is  suf- 
ficient to  indicate  the  presence  of  an  anticline.  The  area  within 
which  it  would  be  practicable  to  reach  the  Gray  Bull  gas  horizon  by 
drilling,  in  this  anticline,  is  very  small.  The  most  favorable  location 
for  a  well  would  be  about  200  yards  northeast  of  the  south  quarter 
comer  of  sec.  6.  The  gas  horizon  at  this  place  would  be  found  at  a 
depth  of  about  1,100  feet. 

BYRON    ANTICLINE. 

About  3  miles  northeast  of  Byron,  Wyo.,  there  is  an  anticline  on 
which  a  well  is  being  drilled  by  the  Montana  and  Wyoming  Oil  Com- 
pany, for  the  purpose  of  obtaining  oil  or  gas.  This  anticline  is  favor- 
ably situated  in  the  geologic  column  for  the  accumulation  of  gas,  and 
it  may  be  found  by  prospecting  that  the  Gray  Bull  gas  horizon  is  not 
too  deep.  The  writer  has  not  visited  this  locality  and  hence  has  no 
reliable  data  as  to  the  depth  of  the  gas  horizon,  but  it  will  probably  be 
deeper  here  than  in  the  Gray  Bull  anticline. 

IONIA   ANTICLINE. 

On  the  north  bank  of  Shoshone  River  about  8  miles  northeast  of 
Lovell,  Wyo.,  there  is  a  low  anticline  exposing  the  lower  Colorado 
sandstones.     These  sandstones  make  a  low  ridge  about  the  margin  of  the 
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anticline  within  which  the  Mowiy  shale  outcrops  in  an  anticlinal  basin. 
The  structure  is  compUcated  by  the  presence  of  several  normal  faults. 
The  throw  of  these  faults  probably  does  not  exceed  200  feet,  but  it  is 
not  definitely  known,  and  it  is  therefore  impossible  to  say  whether  or 
not  they  interfere  with  the  accumulation  of  gas.  Probably,  however, 
there  is  no  such  interference  even  if  the  faults  cut  the  gas-bearing 
strata,  because  similar  faults  are  known  in  the  Gray  Bull  anticline 
close  to  a  productive  gas  well.  Moreover,  there  are  extensively 
faulted  gas  fields  in  California,  Roumania,  and  other  parts  of  the 
world.  The  depth  of  the  Gray  Bull  gas  horizon  beneath  the  crest  of 
this  anticline  would  probably  be  about  800  feet,  but  as  in  all  other 
locaUties  not  yet  tested  by  adequate  drilling,  it  is  not  known  that  the 
beds  of  this  horizon  actually  contain  gas  in  the  Ionia  anticline. 

ALKALI   ANTICLINE. 

About  10  miles  southeast  of  Lovell,  Wyo.,  there  is  a  long,  narrow 
anticline  in  the  Colorado  shale.  The  northwest  end  of  the  anticline  is 
in  the  SW.  i  sec.  28,  T.  55  N.,  R.  95  W.  From  this  point  the  anticline 
extends  over  6  miles  southeastward  to  a  point  within  14  miles  of  Gray 
Bull.  In  most  of  the  ahticline  the  basal  Colorado  shales  are  exposed 
and  eroded  probably  nearly  to  their  base.  Hence  the  anticline  may 
not  be  a  good  gas  reservoir  on  account  of  insufficient  cover.  If  gas 
occurs  in  the  top  of  the  Cloverly  sandstone  or  in  the  sandstones  of 
the  "  rusty  beds,''  as  thought  by  some,  it  would  be  found  at  very  shal- 
low depths  in  the  greater  part  of  the  anticline.  Not  having  seen  the 
anticline,  the  writer  is  imableto  estimate  the  actual  depth  of  the  Gray 
Bull  gas  horizon.  However,  it  is  probable  that  if  found  at  all,  the 
gas  would  be  at  a  depth  of  less  than  200  or  300  feet.  This  is  true 
especially  of  the  central  part  of  the  anticline.  In  case  it  seems  likely 
that  the  cover  of  shale  is  sufficient  to  protect  the  gas  reservoir,  the 
most  favorable  locality  for  a  well  would  be  near  the  west  quarter 
comer  of  sec.  11,  T.  54  N.,  R.  95  W. 

The  northern  end  of  this  anticline  includes  a  subordinate  dome 
of  the  Mowry  shale.  Within  this  part  of  the  anticUne,  the  gas 
stratum  would  be  covered  by  500  or  600  feet  of  shales,  and  for  this 
reason  the  locality  would  be  favorable  for  the  accumulation  of  gas. 
The  crest  of  the  anticline,  which  may  be  considered  the  most  favor^ 
able  point  for  the  location  of  a  gas  well,  is  in  the  SE.  J  SW.  J  sec.  28, 
T.  55  N.,  R.  95  W.    . 

A    POSSIBLE   DOME    NEAR   BASIN. 

A  well  is  being  drilled  for  gas  by  Henry  Sherard,  of  the  Union  Gas 
and  Oil  Company,  about  3  miles  northeast  of  Basin,  Wyo.,  near  the 
northwest  comer  of  sec.  11,  T.  51  N.,  R.  93  W.  The  structure  at  this 
locality  is  that  of  a  very  gentle  anticlinal  flexure  on  the  flanks  of  a 
larger  antichne  that  extends  from  the  Peay  Hill  dome  near  Gray  Bull 
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to  the  Torchlight  dome  3  miles  east  of  Basin.  The  structure  can  not 
be  thoroughly  worked  out  because  of  the  lack  of  exposures,  but  from 
the  tracing  of  a  thin  sandstone  along  the  hillside  it  would  seem  probable 
that  the  well  is  located  on  the  side  of  a  small  minor  anticUne  of 
domical  form.  The  rocks  at  the  well  are  not  exposed,  but  from  the 
depth  of  sandstone  B  in  the  well,  it  is  probable  either  that  there  is  a 
fault  between  the  hillside  and  the  well,  or  that  the  concealed  rocks 
dip  westward  at  an  angle  of  over  10°. 

The  possible  dome  on  which  this  well  is  located  is  so  small  and  gentle 
that  it  must  be  regarded  as  a  structure  of  doubtful  favorability  for 
gas.  Such  a  faint  structure  may  indicate  a  more  pronounced  dome 
and  a  good  gas  reservoir  below,  or  the  structure  may  die  out  down- 
ward within  a  short  distance  and  no  gas  reservoir  be  present.  In  the 
latter  case,  the  location  of  the  well,  which  is  on  the  limb  of  the  larger 
anticline,  would  be  better  for  oil  or  water  than  for  gas,  should  either 
exist  in  commercial  quantities.  The  depth  of  the  Gray  Bull  gas 
horizon  at  this  well  is  between  1,450  and  1,500  feet. 

Log  of  the  Union  Gas  and  Oil  Company^ s  Well  No,  i,  S  miles  northeast  of  Basin ^  Wyo, 
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DOUBTFUL  ANTICLINES. 

At  a  few  places  along  the  eastern  border  of  the  Bighorn  basin  there 
are  indications  of  anticlinal  folds  whose  precise  form  is  unknown. 
These  anticlines  were  not  studied  in  the  field  and  it  is  not  possible  at 
this  time  to  say  whether  or  not  they  may  be  possible  gas  fields. 

In  the  NW.  i  sec.  14,  T.  7  S.,  R.  23  E.,  about  4  miles  south-south- 
east of  Bridger,  Mont.,  there  is  a  small  dome  or  partial  dome  of  this 
sort  in  sandstone  A.  Only  the  western  and  northern  sides  of  this 
dome  were  seen  and  it  is  possible  that  the  structure  is  not  complete, 
as  no  eastward  or  southward  dips  have  been  determined.  However, 
the  locality  is  worthy  of  investigation  by  any  prospector  who  may 
desire  to  bore  for  gas  in  that  locality. 

In  the  flats  north  of  Cowley  and  Lovell,  Wyo.,  there  may  be  small 
anticlines  that  were  not  discovered  in  the  field.  At  the  time  the 
geology  of  that  neighborhood  was  studied,  the  economic  importance 
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of  anticlines  was  not  realized,  and  no  special  pains  were  taken  to  find 
them.  They  would  be  diflBicult  to  detect  in  the  flats  because  there  is 
no  outcrop  of  any  rock  except  the  Colorado  shale,  in  which  faint 
structural  features  are  hard  to  see. 

The  shale  hills  east  of  Basin,  in  the  western  part  of  T.  51  N.,  R.  92 
W.,  and  the  northeastern  part  of  T.  51  N.,  R.  93  W:,  have  a  broad 
anticlinal  structure.  Gas  might  accumulate  in  this  anticline,  but 
the  depth  to  the  Gray  Bull  gas  horizon  would  be  more  than  2,000  feet. 

Outside  of  the  region  embraced  in  this  report,  there  are  doubtless  a 
great  many  anticlines  just  as  suitable  for  the  accumulation  of  gas. 
These  have  not  been  tested  as  yet,  and  it  is  not  wise  to  predict  that 
gas  will  or  will  not  be  found  in  them  until  such  tests  have  been  made. 
The  map  of  the  Bighorn  basin  made  by  C.  A.  Fisher  *  shows  that 
favorable  structural  conditions  are  present  in  the  southern  and 
western  margins  of  the  basin.  One  of  the  anticlines  shown  on  this 
map  is  about  6  miles  southwest  of  the  Morrison  ranch,  in  T.  44  N.,  Rs. 
97-98  W.;  another  is  near  Sunshine,  in  T.  47  N.,  R.  101  W.;  another 
near  Fourbear,  in  T.  48  N.,  R.  103  W.;  another  near  Pitchfork  ranch, 
in  T.  48  N.,  R.  102  W.;  another  in  the  southern  part  of  Oregon  basin, 
about  10  miles  southeast  of  Cody,  Wyo.;  and  another  on  Shoshone 
River  at  the  mouth  of  Cottonwood  Creek,  1  mile  east  of  Cody. 
Fisher  ^  mentions  a  well  drilled  for  oil  on  the  Cottonwood  Creek 
anticline,  but  does  not  state  the  depth  of  the  well,  and  hence  it  is 
imcertain  whether  or  not  it  reached  the  Gray  Bull  gas  horizon  at  the 
base  of  the  Colorado. 

E.  G.  Woodruff,  of  the  United  States  Geological  Survey,  informs 
the  writer  that  the  lower  part  of  the  Colorado  shale  is  exposed  in  an 
anticline  in  upper  Buffalo  basin  and  in  another  anticline  on  Grass 
Creek  in  the  southwest  part  of  the  Bighorn  basin.  These  anticUnes 
are  indicated  on  Fisher's  map  by  patches  of  so-called  "Pierre  shale" 
in  T.  47  N.,  R.  100  W.,  and  T.  46  N.,  R.  98  W. 

W.  C.  Knight  "^  has  described  an  anticline  in  Colorado  shale  near  the 
head  of  Cottonwood  Creek,  15  miles  east  of  Worland.  By  digging  out 
a  mud  spring  on  this  anticline,  in  or  near  sec.  29,  T.  47  N.,  R.  90  W., 
Knight  was  able  to  obtain  some  light-green  oil  which  was  analyzed  by 
E.  E.  Slosson.^ 

It  is,  of  course,  not  possible  to  predict  the  occurrence  of  gas  in  antir 
clines  so  far  away  from  those  which  have  actually  been  tested.  The 
writer  merely  desires  to  call  attention  to  the  existence  at  these  places 
of  favorable  structural  features  in  the  same  strata  that  bear  gas  near 
Basin,  Gray  Bull,  and  Byron.     At  present  there  is  no  reason  to  think 

oProf.  Paper  U.  S.  Qeol.  Survey  No.  53, 1906,  PI.  III. 
6  Op  cit.,  p.  59. 

c  The  Bonanza,  Cottonwood,  and  Douglas  oil  fields:  Bull.  No.  6,  Petroleum  series,  Univ.  Wyomtng 
School  of  Mines,  July  1903,  pp.  14-17. 
d  Knight,  W.  C,  op.  cit.,  p.  27. 
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that  gas  will  be  found  on  the  west  side  of  the  Bighorn  basin,  though 
the  possibility  must  be  admitted. 

It  should  be  kept  in  mind  that  at  the  present  time  only  one  well 
has  been  drilled  down  to  the  principal  gas  horizon.  This  well,  which 
is  2  miles  south  of  Gray  Bull,  yields  a  strong  flow  of  gas,  and  inasmuch 
as  the  strata  containing  the  gas  here  remain  apparently  unchanged  in 
character  throughout  the  region  and  as  gas  escapes  from  these  strata 
at  widely  separated  places,  an  extension  of  the  gas  field  may  well  be 
inferred.  Certainly  the  existence  of  favorable  structure  in  the  same 
rocks  close  to  the  Gray  Bull  well  warrants  the  drilling  of  test  wells. 
It  should  be  noted  that  the  writer  makes  no  prediction  that  gas  will 
or  will  not  be  found  in  any  of  the  anticlines. 

XNTDICATIOJ^S   OF   OTHER   POSSIBLE   GAS   AND  OIL 

HORIZONS. 

The  Madison  limestone  in  Sheep  Canyon,  15  miles  north  of  Basin, 
shows  many  signs  of  oil.  The  rock  is  black  in  places  from  the  con- 
tained carbonaceous  material  and  has  a  distinct  oily  smell  when 
freshly  broken.  It  is  reported  that  there  was  a  small  oil  spring  in  this 
canyon  before  the  railroad  was  built  but  that  the  spring  has  been 
covered  by  the  railroad  grade.  The  occurrence  of  asphaltum  or 
other  solid  hydrocarbons  in  many  small  cavities  and  fissures  in  the 
Madison  limestone  is  further  proof  of  the  existence  of  oil  in  that  rock. 

Considering  the  fact  that  oil  has  been  found  near  Lander,  Wyo.,  in 
rocks  of  Carboniferous  age,  it  would  seem  not  unlikely  that  it  might 
also  be  found  here.  However,  the  wells  which  have  been  drilled  near 
Bonanza,  about  25  miles  southeast  of  Basin,  where  the  structure  is 
favorable  for  the  accumulaSon  of  oil  and  gas,  were  unsuccessful. 
These  wells  are  described  in  Fisher's  report  on  the  Bighorn  basin.® 

W.  W.  Peay,  of  Basin,  reports  a  bed  of  asphalt  mixed  with  sand 
and  rock  on  the  head  of  Alkali  Creek,  one-half  to  1  mile  north  of  the 
wagon  road  between  Hyattville  and  Shell.  Mr.  Peay  states  that  in 
T.  52  N.,  R.  90  W.,  the  following  land  has  been  filed  on  for  the  pur- 
pose of  quarrying  the  asphalt:  SE.  i  sec.  29,  SW.  i  sec.  28,  NE.  \ 
sec.  32,  NW.  J  sec.  33.  The  asphalt  occurs  in  "blanket''  form,  as 
a  bed  10  feet  thick,  lying  on  a  hilly  surface  of  limestone  or  sandstone. 
About  half  of  the  bed  is  reported  to  be  asphalt,  and  the  remainder 
to  be  sand  and  rock  which  the  asphalt  binds  together  in  a  firm  mass. 
The  bed  is  overlain  by  10  feet  or  more  of  incoherent  rock  fragments 
and  soil.  Apparently  the  asphalt  has  exuded  from  the  Pennsyl- 
vanian  rocks  at  this  place  and  cemented  the  base  of  the  rock  mantle. 
The  occurrence  of  so  large  a  deposit  of  asphalt  is  an  excellent  argu- 
ment for  the  presence  of  oil  in  the  upper  Paleozoic  strata. 

a  Fisher,  C.  A.,  Prof.  Paper  U.  S.  Geol.  Survey  No.  53, 1906,  p.  50. 
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The  strata  next  overlying  the  Pennsylvanian  rocks  are  the  "Red 
Beds/'  which  also  contain  signs  of  oil.  On  an  anticline  7  miles 
southeast  of  Bridger,  Mont.,  according  to  C.  A.  Fisher,  the  "Red 
Beds''  contain  a  stratum  of  coarse-grained  greenish  sandstone  about 
10  feet  thick  highly  impregnated  with  oil. 

UTIIiIZATIO:Nr  OF   THE   GAS. 

So  far,  no  use  has  been  made  of  the  gas  escaping  from  the  Gray  * 
Bull  gas  well.  Except  in  the  city  of  Basin,  which  in  1907  had  about 
1,000  inhabitants,  there  will  be  little  demand  for  gas  for  lighting 
purposes  until  the  population  of  the*  district  increases  considerably. 
An  important  use  might  be  in  connection  with  sugar  factories, 
which  are  greatly  needed  to  care  for  the  sugar  beets  grown  on  the 
irrigated  lands.  At  present  the  nearest  sugar  factory  is  at  Billings, 
to  which  the  beets  are  shipped  195  miles  by  rail  at  a  cost  of  5  cents 
per  hundredweight.  As  coal  is  abundant  and  would  be  cheap,  if 
mined  on  a  large  scale,  the  gas  can  not  compete  with  it  except  very 
close  to  the  wells.  Fortunately  the  productive  well  near  Gray  Bull 
is  less  than  2,000  feet  from  the  Chicago,  Burlington  and  Quincy 
Railroad,  beside  which  there  is  a  most  excellent  location  for  a  sugar- 
beet  factory  or  other  industrial  plant.  The  well  being  drilled  by  the 
Union  Gas  and  Oil  Company  near  Basin  and  some  of  the  other 
possible  gas  fields  described  in  this  paper,  are  also  close  to  good 
factory  sites  on  the  railroad. 

SUGGESTIOIfS   TO   PROSPECTORS. 

The  conditions  on  the  east  side  of  th^  Bighorn  basin  are  favorable 
for  the  prospector.  Rock  exposures  are  good  and  abundant;  the 
structure  is  simple;  the  topography  is  of  gentle  relief;  there  is  no 
timber  except  on  the  river  bottom.  The  Chicago,  Burlington  and 
Quincy  Railroad  traverses  the  field  for  its  entire  length,  and  in  the 
summer  heavy  machinery  can  easily  be  hauled  from  the  railroad  to 
almost  any  point  in  the  basin  over  the  wagon  roads  and  plains. 

Drilling  is  not  expensive.  It  is  reported  on  good  authority  that 
the  cost  of  drilling  the  present  gas  wells  near  Basin  and  Gray  Bull 
is  less  than  $1  a  foot,  for  a  well  800  feet  deep.  To  this  should  be 
added  about  $1  a  foot  for  casing.  The  softness  of  the  Colorado 
shale  makes  this  low  cost  of  drilling  possible;  unfortunately,  it 
necessitates  casing  the  greater  part  of  every  well.  Some  beds  of 
white  clay,  probably  bentonite,  are  especially  troublesome.  When 
the  water  of  a  well  reaches  this  clay  it  softens  and  flows  slowly  into 
the  well.     There  is  much  caving  also  in  all  parts  of  the  Colorado  shale. 

In  searching  for  possible  gas  fields  in  this  region  the  important 
strata  to  observe  are  the  sandstones  in  the  lower  part  of  the  Colo- 


GAS  IN   BIGHORN   BASIN,  WYOMING.  363 

rado  formation  referred  to  in  this  paper  as  sandstones  A  and  B  (see 
section  on  p.  350),  and  the  immediately  underlying  Mo  wry  shale. 
The  latter  are  hard  siUceous  and  calcareous  shales,  containing  many 
fossil  fish  scales  and  forming  conspicuous  ridges.  Both  the  sand- 
stones and  the  Mowry  shale  have  prominent  outcrops  and  hence 
they  are  most  serviceable  to  the  prospector  in  his  search  for  anti- 
clines. Anticlines  in  the  Colorado  shales  probably  exist,  but  none 
have  been  found,  possibly  on  account  of  the  poor  exposure  of  these 
shales  when  they  have  low  dips.  The  map  (PL  III)  shows  all  the 
favorable  anticlines  within  its  borders  that  are  indicated  by  outcrops 
of  sandstones  A  and  B. 


THE  LABARGE  OIL  FIELD,  CENTRAL  UINTA  COUNTY, 

WYO. 


By  Alfred  R.  Schultz. 


INTRODUCTION. 

This  paper  is  a  brief  statement  of  some  observations  made  by  the 
writer  during  the  summers  of  1905  and  1906  while  examining  the 
coal  fields  in  southern  and  central  Uinta  Comity,  Wyo.  It  is  the 
purpose  to  give  a  short  description  of  the  occurrence  of  oil  in  Uinta 
County  and  to  point  out  the  probable  geologic  relations  of  the  oil- 
bearing  beds  fimiishing  the  oil  recently  discovered  east  of  Labarge 
Ridge  to  the  oil-bearing  shale  that  gives  rise  to  the  oil  springs  and 
wells  in  southern  Uinta  County. 

HISTORICAI.  SKETCH. 

The  occurrence  of  oil  in  southwestern  Wyoming  has  been  known 
for  nearly  three-fourths  of  a  century.  Many  of  the  early  trappers 
and  fur  traders,  who  built  Fort  Bonneville  and  the  trading  post  at 
Fort  Bridger,  knew  the  location  of  the  oil  springs  in  this  region  and 
visited  them  in  their  annual  trapping  tours.  The  first  pubUshed 
account  of  oil  in  southwestern  Wyoming  was  the  result  of  an  exami- 
nation made  by  the  Mormons  in  1847  on  their  pioneer  journey  across 
the  great  plains.  For  a  brief  historical  sketch  of  the  discovery  of 
the  oil  springs  on  Hilliard  Flat,  the  Carter  oil  spring,  and  those  in 
the  Fossil  syncUne  near  Fossil,  Wyo.,  the  reader  is  referred  to  the 
preUminary  report  **  on  coal  and  oil  in  southern  Uinta  County. 

A  few  miles  southwest  of  the  Carter  oil  spring,  in  sec.  7,  T.  14  N., 
R.  118  W.,  oil  was  found  by  the  Oregon  Short  Line  Railroad  in  1900 
and  1902,  while  constructing  the  Aspen  tunnel,  and  a  considerable  oil 
seepage  was  encountered  along  the  fault  plane  about  1,600  feet  from 
the  west  portal  of  the  tunnel.  The  oil  springs  along  the  east  front 
of  Absaroka  Ridge  north  of  Kemmerer  were  probably  -referred  to  in 
Lander's  report  of  1859,^  where  he  makes  the  general  statement  that 

aVeatch,  A.  C,  Bull.  U.  S.  Qeol.  Survey  No.  285, 1906,  pp.  342-344. 

b  Lander,  F.  W.,  Preliminary  rejwrt  upon  explorations  west  of  South  Pass  for  a  suitable  locality 
for  the  Fort  Kearney,  South  Pass,  and  Honey  Lake  wagon  route;  35th  Cong.,  2d  sess.,  Senate  Doc. 
No.  36,  vol.  10,  p.  33. 
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in  the  mountains  along  the  divide  in  latitude  42°  north  there  are 
^^beds  of  coal,  iron,  and  slate  and  a  spring  of  pecuKar  mineral  oil 
which  by  chemical  process  may  be  made  suitable  for  lubricating 
machinery/'  No  further  description  of  the  spring  is  given  and  the 
exact  location  is  not  known.  The  later  geologic  reports  do  not  men- 
tion oil  springs  north  of  the  Fossil  locality.  A  brief  description  of 
the  oil  springs  in  southern  Uinta  County  is  given  in  the  Wyoming 
reports  by  W.  C.  Knight  and  E.  E.  Slosson."  For  a  full  discussion 
of  the  oil  discovery  in  the  vicinity  of  Spring  Valley  and  of  the  devel- 
opments in  southern  Uinta  County  from  1900  to  1905,  the  reader  is 
referred  to  the  reports  of  A.  C.  Veatch.^  Since  1905  prospecting 
and  development  work  have  continued  in  the  region  about  Spring 
Valley.  The  Pittsburg-Salt  Lake  Oil  Company  has  jBled  proof  of 
labor  on  most  of  its  property  and  the  people  interested  in  oil  are 
holding  their  locations.  The  Pittsburg-Salt  Lake  Oil  Company  dis- 
continued drilling  about  December  15,  1907,  and  will  commence 
drilUng  again  in  the  spring.  The  International  ConsoUdated  Oil 
Company  is  putting  down  a  couple  of  wells  and  has  been  working 
all  winter.  Two  other  companies  expect  to  begin  work  soon  and 
the  outlook  is  very  promising  for  a  great  deal  of  development  work 
the  coining  summer.  During  the  last  three  months  of  1907  the 
Pittsburg-Salt  Lake  Oil  Company  shipped  seven  cars  of  refined  oil 
and  two  cars  of  gasoline. 

North  of  Kemmerer  no  prospecting  for  oil  was  carried  on  during 
the  oil  excitement  in  southern  Uinta  County.  Oil  discoveries  have 
been  reported,  however,  at  various  times  from  several  localities  along 
the  east  front  of  Absaroka  Ridge  and  from  Green  River  basin  east  of 
Meridian  Ridge  and  Thompson  Plateau.  Considerable  excitement 
was  caused  during  the  summer  of  1907  by  the  discovery  of  oil  east  of 
Labarge  Ridge  in  T.  27  N.,  R.  113  W.  Numerous  placer  claims  were 
soon  staked  out  over  the  country  between  Labarge  Ridge  and  Green 
River.  Plans  were  outlined  to  prospect  this  region  by  chum-  and 
diamond-drill  borings  during  the  coming  season.  While  visiting  the 
Labarge  Ridge  locality  in  September,  1907,  the  writer  had  an  oppor- 
tunity to  examine  this  field  hurriedly  and  collect  a  sample  of  oil  from 
one  of  the  shallow  prospect  wells  shown  on  the  accompanying  map 
(PI.  IV). 

liOCATIOIf  AIfI>  TOPOGRAPHY. 

The  Labarge  oil  field  lies  along  the  east  base  of  Labarge  Ridge  and 
extends  from  Labai^e  Creek  northward  to  the  vicinity  of  South  Piney 
Creek  in  T.  28  N.,  R.  113  W.  (See  PL  IV.)  The  greater  portion  of 
the  are^,  forms  a  plain  sloping  gently  eastward  toward  Green  River. 

a  Bull.  No.  3,  Petroleum  series,  School  of  Mines,  Univ.  Wyoming,  1899. 

6  Bull.  U.  S.  Qeol.  Survey  No.  285, 1906,  pp.  342-353;  Prof.  Paper  U.  S.  Oeol.  Survey  No.  56,  1907, 
pp.  139-162. 
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Tertiary  topography,  with  its  characteristic  mesas  and  highly  col- 
ored escarpments,  is  prominent  in  the  western  half  of  the  area  and 
along  part  of  Green  River.  On  the  west  the  area  is  bounded  by 
Labarge  Ridge,  which  forms  a  prominent  range  500  to  1,500  feet 
higher  than  the  adjacent  country  and  attains  an  elevation  of  9,200 
feet  at  several  points  along  its  crest.  The  topographic  features  of 
this  range,  which  is  composed  of  Carboniferous,  Devonian,  and  Cam- 
brian rocks,  afford  a  marked  contrast  to  those  of  the  Tertiary  beds 
east  of  the  range.  For  a  brief  description  of  the  surface  features  of 
the  region  west  of  Labarge  Ridge,  the  reader  is  referred  to  a  prelimi- 
nary report*  on  the  coal  in  central  Uinta  County. 

GEOIiOGIC    SUCCKSSION. 

The  succession  of  the  Tertiary  and  Cretaceous  rocks  in  this  general 
region,  together  with  their  economic  importance,  is  given  in  the 
accompanying  table. 

Only  a  part  of  the  geologic  section  is  exposed  in  the  Labarge  Ridge 
locality.  The  beds  composing  that  ridge  consist  of  "Upper  Cam- 
brian,''  Devonian,  and  Carboniferous  rocks,  and  east  of  the  ridge  are 
small  exposures  of  Adaville  and  Hilliard  beds,  covered  throughout  the 
greater  part  of  the  region  by  the  nearly  horizontal  Tertiary  strata. 

Generalized  section  of  Tertiary  and  Cretaceous  rocks  in  central  Uinta  County,  Wyo, 


Sys- 
tem. 

Group. 

Formation. 

Thick- 
ness 
(feet). 

Characteristics. 

Economic  value. 

Green 
River. 

Green  River.6 

Knight. 

Unconformity. 
Almy. 

200 

Thin-bedded  shales,  sand- 
stones, and  limestones,  for 
the  most  part  light  colored. 

1 

• 

OS 

C500 
500 

Beds  of  red  and  yellow  sandy 
clays    interlamlnated    with 
white,  gray,  and  yellow  sand- 
stones.   Local  areas  of  con- 
cretionary limestone. 

Red  and  yellowish-white  con- 
glomerates, sandstones,  and 
sandy  clays. 

East  of  Labarge  Ridge 
yields  oil  which  nas  prob- 
ably risen  from  undenying 
Cretaceous  beds. 

■ 

1 

Evanston.c 

9,500 

Gray  and  yellow  shales  and 
clays,  with  gray  and  yellow 
sandstone  beds,  containing 
several  minor  coal  beds,  none 
of  which  are  developed.  Same 
age  as  the  Almy  coals  near 
Evanston,  Wyo. 

Coal  bearing.  Several 
minor  coal  beds  of  worka- 
ble thickness  have  been  ob- 
served. None  have  becoi 
prosi)ected  or  developed. 
Coal  similar  to  the  Evans- 
ton  and  Almy  coals  of 
southwestern  Uinta 
County. 

Unconformity. 


.   N,    N-    V^    N. 


S_>^   N.  ^^ 


aSchultz,  A.  R.,  Bull.  U.  S.  Geol.  Survey  No.  316,  1907,  p.  212. 

b  Estimate  of  Clarence  King  of  maximum  thickness  in  Green  River  basin  southeast  of  this  r^on  Is 
2,000  feet;  only  a  portion  of  the  beds  occur  in  this  area.  ^ 

c  Upper  limit  not  seen. 
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Otttmiliiiedeeetion  of  Tertiary  and  Oretceeous  roeki  in  central  Uinta  County,  Wyo. — ^Con. 


bedded   t 

iMdH  of  coal.  The  lower  bed. 
Dt  this  formatiOQ  contaii 
plants  ana  invortebralfi  ra 

the  upponnoflt  Montana;  tin 

Laramie  leaves. 


ngloD  of  loK  reUef 


^th?s  a 


Saylo'B 
.    .  .tlSO-footCuiuieltaaa 
bean  opened  Id  aWoot  bod 

mined  for  local  use.    Bav- 


\  alley  coals  have 
vel  pad.  TheKem- 
oals  are  eitenal  valy 


prospect  pits  liavo  been 
opened  the  coal  being  enp- 

Sed    to   mncliera.    Con- 
ns ^od  building  stone. 


y  and  black  aba  ee 


tBinlng  fish 
7    weathers 


Block  Hlmle,  shaly  sandstone, 
and  shaly  Umostone  vltb 
abundant  Ini-cnebrate  (oa- 
alls.  Several  Ilihi  beds  of 
coal  end  bltumlnoug  Ehale, 


deTalopsd  In  ivella  north- 
east of  Spring  Valley,  and 
jirobablB  aoiiTco  of  oil  bi 


?«b1  bearlne.  Coalbedsso 
far  as  nolsd  are  too  thin 
and  Impure  In  be  nf  any 


o  The  Bear  lUver  beds  an  underl^n  by  marine  Juras^c,    The  beds  appear  t 
nrldence  eeems  to  Indicate  that  an  unoontonnlty  exists  between  the  Bear  Rh 


onformable.  Other 


STRUCTURE. 

The  east  base  of  Labarge  Eidge,  or  the  eastern  boundary  of  the 
Paleozoic  rocks,  marks  the  location  of  an  overthrust  fault,  which 
here  brings  "Upper  Cambrian"  beds  in  contact  with  Montana  shales 
and  sandstone.  Kast  of  the  fault  lies  the  axis  of  a  low  anticline. 
T^s  axis  was  observed  in  the  cretaceous  beds  east  of  Labai^e  Ridge 
in  T.  28  N.,  R.  113  W.  The  dips  on  both  sides  of  the  anticline  are 
from  20°  to  35°.  Within  a  short  distance  to  the  south  all  traces  of 
the  east  limb  of  the  anticline  in  the  Cretaceous  beds  are  lost  beneath 
the  Tertiary  beds,  which  here  dip  toward  Green  River  at  approxi- 
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mately  5°.  The  beds  along  the  west  Umb  of  the  anticline  are  exposed 
at  several  localities  and  dip  at  20°  to  45°,  N.  70°  W.  The  southward 
extension  of  the  anticlinal  crest  may  be  represented  by  the  low  arch 
seen  in  the  Tertiary  beds  in  the  southern  portion  of  T.  27  N.,  R.  113  W. 

OCCURREIfCE   AND   ORIGIN   OF   THE   Olli. 

The  oil-bearing  shale  of  southern  Uinta  County  does  not  outcrop 
in  the  Labarge  Ridge  locality.  The  oil,  however,  in  this  field  is 
believed  to  come  from  the  same  horizon  as  in  southern  Uinta  Cotinty, 
namely,  that  of  the  Aspen  (Benton)  shale.  None  of  the  natural  oil 
springs  in  southern  Uinta  County  occur  along  the  outcrop  of  the 
shale  that  supplies  the  oil  in  the  Spring  Valley  wells.  So  far  as  field 
observations  have  been  made,  no  trace  of  oil  was  seen  anywhere 
along  the  outcrop  of  the  Aspen  shale.  The  springs  are  all  in  the 
region  of  profound  disturbance  along  the  Absaroka  fault  and  its 
associated  secondary  faults.  The  oil  springs  of  Hilliard  Flat,  the 
Carter  oil  spring,  and  the  seepage  near  the  west  end  of  the  Aspen 
tunnel  are  located  along  a  secondary  fault,  but  those  on  Twin  Creek 
he  along  the  line  of  the  main  fault.  The  oil  observed  at  all.  these 
springs  probably  represents  leakage  from  the  oil-bearing  shale  along 
the  fault  line,  having  been  forced  up  through  the  water  which  has 
penetrated  to  this  shale  along  the  fault  contact. 

North  of  Hams  Fork  oil  indications  have  been  observed  at  several 
places  along  the  east  base  of  the  Absaroka  and  Salt  River  ranges, 
near  the  fault  line.  Oil  was  observed  on  the  water  along  some  of 
the  streams  tributary  to  Fontenelle  Creek.  In  Pomeroy  Basin  oil 
indications  were  observed  on  the  water  in  a  number  of  marshes,  in 
quaking  asp  groves  and  low  depressions.  It  is  reported  that  about 
12  miles  north  of  Kemmerer,  along  Mammoth  Hollow,  there  is  a  spot 
where  gas  makes  its  escape  and  on  a  damp  morning  can  readily  be 
detected  by  its  rank  odor.  Indian  tradition  has  it  that  many  years 
ago  there  used  to  be  near  this  same  locality  an  oil  spring  from  which 
oil  flowed.  No  trace  of  this  spring  was  seen  during  the  cours^e  of  the 
writer's  work.  However,  owing  to  the  heavy  covering  of  talus  and 
timber  in  this  vicinity,  as  well  as  to  the  numerous  springs  that  rise 
on  the  mountain  sides  or  flow  from  snowbanks  near  the  crest  of  the 
range,  traces  of  oil  are  not  so  readily  seen  or  recognized  as  in  the 
southern  part  of  the  county.  In  the  northern  part  of  the  field  exam- 
ined in  1906,  about  2J  miles  west  of  Snake  River,  along  the  north 
line  of  T.  39  N.,  R.  116  W.,  oil  was  observed  on  the  water  and* in 
footprint  depressions.  The  oil  seen  here  has  a  distinct  odor  and  a 
greasy  feel. 

Farther  north  in  Idaho,  east  of  the  Pierres  Hole  (Big  Hole)  Moun- 
tains, W.  E.  McDonald  observed  strong  surface  indications  of  the 
presence  of  oil  in  the  vicinity  of  David  Breckenridge's  ranch  and 
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later  vigorously  prosecuted  the  work  of  boring  for  oil  on  this  ranch. 
So  far  as  the  writer  was  able  to  leam,  Mr.  McDonald  struck  a  10-foot 
bed  of  coal  at  a  depth  of  650  feet,  but  found  nothing  in  the  way  of 
oil  that  indicated  values. 

Although  no  prospecting,  drilling,  or  development  work  has  been 
done  north  of  Kemmerer  on  the  oil-bearing  Aspen  and  Bear  River 
shales  to  determine  whether  they  contain  as  much  oil  as  the  beds  at 
Spring  Valley,  their  occurrence  throughout  this  region,  east  of  the 
Absaroka  and  Salt  River  ranges  and  east  of  the  Wyoming  Range,  is 
certain.  They  extend  from  Spring  Valley  in  southern  Uinta  County 
to  Snake  River  in  northern  Uinta  County,  and  it  is  not  improbable 
that  they  contain  oil  throughout  this  area  in  much  the  same  abundance 
as  has  been  found  in  the  southern  part  of  it.  The  approximate  dis- 
tribution of  these  oil-bearing  shales  can  be  inferred  on  consulting 
the  map  accompanying  the  preliminary  report  on  the  coal  fields  in  a 
portion  of  central  Uinta  County,*  as  they  occupy  a  narrow  belt 
along  the  east  side  of  the  areas  mapped  as  containing  Frontier  coals. 
No  oil  is  found  along  the  outcrop  of  these  beds  so  far  as  observed. 
This  fact,  however,  does  not  prove  that  oil  is  not  present,  as  the  oil 
near  the  surface  may  all  have  escaped  or  settled  toward  the  syn- 
clinal axis,  so  that  it  is  not  noticeable  on  the  surface. 

In  the  vicinity  of  Spring  Valley,**  the  only  locality  where  the  Aspen 
shale  has  been  developed,  the  oil  is  found  in  sandy  layers  in  a  black 
shale  near  the  base  of  the  formation.  Failure  to  obtain  oil  in  this 
locality  has  been  recorded  in  three  types  of  wells — (1)  those  not  deep 
enough  to  reach  the  oil-bearing  beds;  (2)  those  which  on  account  of 
irregularities  of  the  sandy  layers  in  the  Aspen  (Benton)  shale  fail  to 
produce  oil,  although  oil  is  present  in  adjacent  wells;  (3)  those  located 
on  the  outcrop  of  the  shale,  particularly  near  the  lower  or  eastern 
edge,  where  the  bed  is  less  than  500  feet  thick.  Although  in  gen- 
eral no  oil  is  found  along  the  outcrop  of  the  oil-bearing  shale,  the 
amount  increases  down  the  dip.  The  conditions  of  the  oil  problem 
in  the  Spring  Valley  locality  as  well  as  in  much  of  the  territory  north 
of  that  place,  can  best  be  set  forth  by  the  following  statement:^ 

The  oil-bearing  beds  are  entirely  dry  when  the  oil  is  pumped  out  of  the  wells; 
no  water  follows.  Water  occurs  in  the  overlying  Wasatch  beds  and  in  the  sandstones 
of  the  Frontier  formation,  and  is  also  reported  in  a  sandstone  several  hundred  feet 
below  the  main  oil  sands,  as  in  the  Jager  well  and  the  Consolidated  Oil  Company 
well.  The  occurrence  of  large  quantities  of  water  in  the  Bettys  well  and  the  Baker 
well  has  been  regarded  by  some  as  affecting  the  oil  situation,  but  the  water-bearing 
beds  here  are  in  no  way  connected  with  the  oil-bearing  strata.  The  anticlinal  theory, 
according  to  which  oil  accumulates  by  floating  upon  water  on  the  flanks  or  crests  of 

aSchultz,  A.  R.,  Bull.  U.  S.  Geol.  Survey  No.  316,  1902,  p.  212. 

6  Veatch,  A.  C,  Bull.  U.  S.  Geol.  Survey  No.  285, 1906.  pp.  342-363;  Prof.  Paper  U.  8.  Geol.  Survey  No. 
66,  1907,  pp.  143-144. 

c  Veatch,  A.  C,  Geography  and  geology  of  southwestern  Wyoming:  Prof.  Paper  U.  S.  Geol.  Survey 
No.  66, 1907,  p.  168. 

47076— Bull.  340—08 24 
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anticlines,  does  not  seem  to  apply  to  this  field,  for  one  of  the  essential  foctoxs  in  the 
theory — the  water  in  the  oil-bearing  sand — ^is  not  present.  The  absence  of  water  in 
the  oil-bearing  sands,  together  with  the  fact  that  springs  do  not  occur  along  the  out- 
crops of  the  beds  and  the  irregularity  shown  in  the  position  of  the  oil-bearing  sands 
in  adjoining  wells,  suggests  that  the  oil  has  been  formed  from  the  shale  in  which  it  is 
found  and  that  the  oil-bearing  shales  represent  local  sandy  layers  more  or  less  per- 
fectly surrounded  by  shale  in  which  the  oil  has  accumulated.  This  is  the  case  also 
in  the  Boulder  and  Florence  fields,  although  at  thope  localities  the  shales  are  geol(^- 
ically  younger.  In  the  absence  of  water,  oil  tends  to  move  down  the  dip  and,  so  far 
as  the  continuity  of  the  porous  beds  will  allow,  to  collect  in  the  troughs  of  the  syn- 
clines.  This  is  apparently  the  case  in  this  field,  and  the  position  of  this  syncline 
and  the  depth  of  the  oil-bearing  shale  at  its  lowest  point  then  become  matters  of 
considerable  economic  importance. 

Because  of  the  rising  and  pitching  of  the  Lazeart  syncline,  the  oU- 
bearing  shale  in  the  synclinal  trough  lies  at  various  depths  below 
the  surface  along  the  axis.  In  a  part  of  the  region  the  depth  of  the 
oil-bearing  shale  along  this  axis  is  practically  prohibitive  to  devel- 
opment work.  However,  the  soft  character  of  the  beds  suggests 
that  the  pressure  of  the  superincumbent  rocks  may  be  great  enough 
to  practically  close  the  pore  space,  so  that  the  maximum  accumula- 
tion of  oil  may  be  found  at  some  point  on  the  limb  of  the  syncline, 
between  the  axis  and  the  outcrop.  In  the  vicinity  of  the  fault, 
where  the  oil  beds  are  at  great  depth,  the  oil  leakage  along  the  fault 
contact  may  be  partly  cut  off  for  the  same  reason  and  the  oil  may 
be  stored  on  the  limb  of  the  syncline.  If  the  above-outlined  condi- 
tions are  true,  prospecting  in  much  of  this  field  should  be  restricted 
to  the  shallow  portions  of  the  synclinal  basin  and  to  the  region  be- 
tween the  axis  of  the  syncline  and  the  outcrop  of  the  oil-bearing 
shale  on  the  west  flank  of  the  Meridian  anticline,  as  the  depth  of  the 
oil-bearing  shale  along  part  of  the  axis  of  the  syncline  is  practically 
prohibitive  to  profitable  development. 

One  of  the  most  favorable  localities  for  oil  prospecting  is  in  the 
vicinity  of  Wright's  ranch,  in  T.  23  N.,  R.  116  W.,  where  the  oil- 
bearing  shale  lies  from  2,500  to  4,000  feet  below  the  surface  along 
the  center  of  the  syncline.  Almost  as  favorable  a  locality  is  that 
along  Fontenelle  Creek,  near  the  north  end  of  the  Lazeart  syncline. 
The  depth  of  the  oil-bearing  shale  in  the  center  of  the  syncline  is 
such  that  wells  could  be  readily  sunk,  and  test  holes  in  this  region 
are  likely  to  yield  results.  Similar  results  may  be  expected  in  the 
synclinal  trough  that  crosses  Little  Greys  and  Snake  rivers  in  the 
northern  part  of  the  field. 

In  southern  Uinta  County  the  well  of  the  Pittsburg-Salt  Lake  Com 
pany,  in  sec.  10,  T.  14  N.,  R.  118  W.,  developed  an  oil-bearing  bed 
in  the  lower  part  of  the  Bear  River  formation."    The  oil  is  black  and 
more  in  the  nature  o*f  a  lubricating  oil  than  that  of  the  Aspen  shale. 

a  Veatch,  A.  C,  Geography  and  geology  of  southwestern  Wyoming:  Prof.  Paper  U.  S.  Oeol.  Surr^j 
No.  56, 1907,  p.  159. 


LABAKGE  OIL  FIELD,  WYOMING.  371 

Although  the  Bear  River  formation  extends  throughout  this  area, 
lying  conformably  below  the  Aspen  shale  in  a  narrow  belt  along  its 
east  side,  nothing  further  was  learned  about  these  oil-bearing  beds. 
At  no  point  within  this  field  have  wells  been  drilled  to  test  the  oil- 
bearing  properties  of  either  the  Aspen  or  the  Bear  River  shale. 

East  of  Labarge  Ridge  no  outcrop  of  Aspen  shale  was  seen.  The 
oil  springs  observed  in  this  locaUty  resemble  those  in  the  Fossil 
region  in  that  the  strata  around  the  springs  belong  to  the  Tertiary. 
The  Wasatch  beds  here  he  in  a  gentle  anticline,  with  dips  of  about  5®, 
and  may  represent  the  southern  continuation  of  the  anticline  above 
mentioned  at  the  north  end  of  Labarge  Ridge.  It  is  beUeved  that 
the  oil  comes  from  the  Aspen  shale,  which  here  lies  from  2,000  to 
4,000  feet  below  the  surface.  The  oil  is  probably  forced  up  through 
the  water  which  has  penetrated  to  the  oil-bearing  shale  along  the 
fault  east  of  Labarge  Ridge,  and  escapes  at  various  points  along  the 
fault  line.  Part  of  the  oil  may  be  collected  along  the  low  anticlinal 
crest  in  ,the  fairly  waterlogged  beds  of  the  Wasatch  and  makes  its 
escape  into  the  valley  where  the  oil  prospects  are  located. 

Whether  the  oil-bearing  sands  in  this  locality  are  dry  like  those  at 
Spring  Valley,  or  whether  there  is  sufficient  water  present  to  float 
the  oil  and  make  it  accumulate  on  the  crests  of  anticlines,  can  not  be 
determined  until  drill  holes  are  put  down  to  the  oil  horizons.  The 
success  of  much  of  the  future  prospecting  depends  on  this  factor, 
the  correct  determination  of  which  becomes  therefore  a  matter  of 
considerable  economic  importance.  K  the  anticlinal  theory  of  oil 
accumulation  applies  here  drilling  should  be  done  along  the  anti- 
clinal axis  east  of  Labarge  Ridge;  on  the  other  hand,  if  the  rocks  are 
dry  the  oil  has  collected  in  the  troughs  of  synclines  and  prospecting 
should  not  be  carried  on  along  the  anticlinal  crest.  If  the  synclinal 
occurrence  prevails  here  the  conditions  in  the  Labarge  oil  field  are 
manifestly  more  unfavorable  for  the  accumulation  of  oil  in  commer- 
cial quantities. 

QUAIilTY  OF  THE  Olli. 

All  of  the  oil. obtained  from  springs  in  southern  Uinta  County  is  a 
dark,  heavy  oil  which  may  have  been  derived  from  the  Aspen  shale 
oils  by  the  evaporation  of  the  more  volatile  portions.  Slosson** 
gives  the  gravity  of  the  Carter  oil  as  21.5°  Baum6  and  that  of  the  Fos- 
sil or  Twin  Creek  oil  as  19.7°  Baum6.  The  gravity  of  the  Fossil  oil  is 
given  by  the  Union  Pacific  Railroad^  as  26.75°  Baum6.  The  results 
of  analyses  of  the  Spring  Valley  petroleum  and  a  sample  collected  from 
a  shallow  well  about  3  feet  square  and  6  feet  deep,  sunk  near  the  center 
of  a  drain  about  4  miles  east  of  Labarge  Ridge,  are  given  below.     The 

o  Slosson,  E.  E.,  Bull.  No.  3,  Petroleum  series,  School  of  Mines,  Univ.  Wyoming,  1899,  p.  31. 
6  Mineral  Resources  U.  S.  for  1885,  U.  S.  Geol.  Survey,  1886,  p.  154. 
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latter  sample  was  taken  from  an  open  pit  which  contained  more  than  a 
foot  of  dark-colored,  heavy  oil.  Considerable  oil  was  taken  from  this 
pit  during  the  summer  by  various  persons  who  visited  the  region.  The 
oil  was  also  used  by  the  ranchers  in  Green  River  basin  as  machine  oil 
and  proved  highly  satisfactory.  It  did  not  rise  to  the  surface,  but 
appeared  to  drain  into  the  soil  that  filled  the  valley.  At  several  points 
in  the  valley  oil  was  encountered  by  sinking  shallow  wella  a  few  feet 
into  this  soil. 

Tests  of  oil  from  well  of  Pittshurg-Salt  Lake  Oil  Company  in  sec.  22,  T.  15  JV.,  -R.  118  TT., 

1  mile  north  of  Spring  Valley. 

[By  C.  F.  Mabery,  Cleveland,  Ohio,  1906.] 


Temperature  (°C.)  at  which  gas  was  given  off  on  dis- 
tillation. 


Percent- 
age. 


21.3 
39.7 
16.4 
15.4 


Gravity 
(Ofiaumfi). 


Natare  of  product. 


Gasoline. 
Burning  oil. 
Gas  oil. 
Oil  partlycracked. 


Besidue,  7.2.  Specific  gravity,  0.81,  =44®  B.  The  oil  b^insto  crack  at  350®;  of 
course  this  product  is  really  gas  oil.  The  distillates  at  305®-350®,  350®-380®,  and  the 
residue  contain  much  paraffin.  These  oils  become  solid  when  cooled  in  tap  water  with 
paraffin,  so  the  yield  is  large.  We  refined  some  of  the  burning  oil,  not,  however,  with 
reference  to  flash  or  complete  absence  of  color;  it  refines  very  easily,  and  gives  a  very 
fine  grade  of  burning  oil.  Of  course  the  proportions  of  products  will  be  somewhat  differ- 
ent on  a  refining  scale  (1,000  barrels) — probably  larger,  rather  than  smaller,  than  is 
given  on  the  small  scale.  This  petroleum  is  different  from  any  of  the  numerous  speci- 
mens that  I  have  previously  examined  from  Wyoming.  A  large  amount  of  very  light 
ga^line  can  be  separated  by  strong  cooling.  With  respect  to  the  large  proportion  of 
ga^line  and  of  burning  oil,  also  of  paraffin,  this  petroleum  is  one  of  the  most  valuable 
that  I  have  ever  examined.    It  is  a  nonsulphur  oil ;  percentage  of  sulphur,  0.03. 

Test  of  oil  from  shallow  pit  east  of  Laharge  Ridge,  Green  River  basin,  in  sec.  S4j  T,  27  iV., 

R.  lis  W. 

[By  Dr.  David  T.  Day,  United  States  Geological  Survey,  January  8, 1908.] 


Temperature  (°C.)  at  which  gas  was  given  off  on  dis- 
tillation. 

Percent- 
age. 

Specific 
gravity. 

Nature  of  product. 

Bdow  150 

Trace. 
34 

150-300 

0.891 

Suitable  for  bum- 

ing. 

Specific  gravity  of  the  original  oil,  0.9435=18.75®  Baum^.  The  oil  was  collected 
from  seepage  into  a  shallow  well.  It  had  evidently  suffered  oxidation,  as  shown  by 
the  considerable  amount  of  resins  contained.  These  resins  made  it  difficult  to  com- 
pletely separate  water  from  the  oil.  The  distillation  was,  therefore,  slow  and  some- 
what unsatisfactory.  There  is  no  indication  of  sulphur  in  the  oil,  no  quantitative 
test  being  obtained  by  oxidation,  and  there  is  no  odor  of  sulphur. 

The  specific  gravity  of  the  oil  suitable  for  burning  was  so  high  that  this  portion  was 
treated  with  sulphuric  acid  to  determine  whether  the  oil  consisted  of  hydrocarbons 
of  the  paraffin  (Pennsylvania)  series.    The  amount  absorbed  by  sulphuric  acid  was 
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not  abnonually  large,  and  left  a  pleasant-smelling,  refined  product.  The  examination 
of  the  residue  not  distilling  below  300^  was  extremely  interesting.  In  addition  to  an 
oil  soluble  in  cx)ld  alcohol,  probably  plain  parafl^  hydrocarbons,  it  gave  a  considerable 
amount  soluble  in  boiling  alcohol,  wEich  should  have  consisted  entirely  of  paraffin 
wax,  but  did  consist  to  a  large  extent  of  resins  entirely  absorbed  by  strong  sulphuric 
acid,  and  giving  evidence  of  being  terpenes.  The  portion  insoluble  in  boiling  absolute 
alcohol,  which  should  consist  ordinarily  of  asphalt,  gave,  instead  of  the  usual  hard 
black  asphalt,  a  soft  sticky  material  characteristic  of  the  transition  stage  of  resins  into 
asphalt. 

While  the  oil  has  suffered  too  much  oxidation  to  be  interesting  from  the  refiner's 
standpoint,  it  is  extremely  interesting  scientifically,  on  account  of  the  effects  of  the 
oxidation,  showing,  as  given  above,  the  intermediate  stage  between  oil  and  ordinary 
hard  asphalt. 


.r  .•^ 
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The  following  list  includes  the  more  important  papers  relative  to 
oil  and  gas  published  by  the  United  States  Geological  Survey  or  by 
members  of  its  staff.  Certain  of  the  geologic  folios  contain  refer- 
ences to  oil,  gas,  and  asphaltum;  when  these  commodities  are  of 
importance  in  a  particular  area,  they  are  listed  in  italics  (pp.  9-11). 

Adams^  G.  I.  Oil  and  gas  fields  of  the  western  interior  and  northern  Texas  coal 
measures  and  of  the  Upper  Cretaceous  and  Tertiary  of  the  western  Gulf  coast.  In 
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■  Arnold,  R.    The  Salt  Lake  oil  field,  near  Los  A.ngeles,  Cal.     In  Bulletin  No.  285, 
pp.  357-361.     1906. 
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467.     1905. 

Oil  fields  of  the  Texas-Louisiana  Gulf  coastal  plain.    Bulletin  No.  282.    146 

pp.    1906. 

Fuller,  M.  L.  The  Gaines  oil  field  in  northern  Pennsylvania.  In  Twenty-second 
Ann.  Rept.,  pt.  3,  pp.  573-627.    1902. 
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Tb©  following  list  comprises  the  more  important  papers  relative 
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Day,  W.  C.  The  coal  and  pitch  coal  of  the  Newport  mine,  Oregon.  In  Nine- 
teenth Ann.  Kept.,  pt.  3,  pp.  370-376.    1899. 

•    Eldridge,  G.  H.    The  uintaite  (gilsonite)  deposits  of  Utah.    In  Seventeenth  Ann. 
Kept.,  pt.  1,  pp.  909-949.     1896. 

The  asphalt  and  bituminous  rock  deposits  of  the    United  States.    In 

Twenty-second  Ann.  Rept.,  pt.  1,  pp.  209-452.    1901. 

Origin  and  distribution  of  asphalt  and  bituminous-rock   deposits  in  the 

United  States.    In  Bulletin  No.  213,  pp.  296-305.    1903. 

Fuller,  M.  L.  Asphalt,  oil,  and  gas  in  southwestern  Indiana.  In  Bulletin  No. 
213,  pp.  333-335.     1903. 

Hayes,  C.  W.  Asphalt  deposits  of  Pike  County,  Ark.  In  Bulletin  No.  213, 
pp.  353-355.     1903. 

HiLGARD,  E.  W.  The  asphaltum  deposits  of  California.  In  Mineral  Besources 
tJ.  S.  for  1883-84,  pp.  938-948.     1885. 

HovEY,  E.  0.  Asphaltum  and  bituminous  rock.  In  Mineral  Resources  U.  S. 
for  1903,  pp.  745-754.    1904.     Idem  for  1904,  pp.  789-799.    1905. 

McGee,  W  J.  Origin,  constitution,  and  distribution  of  rock  gas  and  related 
bitumens.    In  Eleventh  Ann.  Rept.,  pt.  1,  pp.  589-616.    1891. 

Richardson,  C.  Asphaltum.  In  Mineral  Resources  U.  S.  for  1893,  pp.  626-669. 
1894. 

Smith,  C.  D.    (See  Taff,  J.  A.,  and  Smith,  C.  D.) 

Tafp,  J.  a.  Albertite-like  asphalt  in  the  Choctaw  Nation,  Indian  Territory. 
Am.  Jour.  Sci.  4th  ser.,  vol.  8,  pp.  219-224.    1899. 

Description  of  the  unleased  segregated  asphalt  lands  in  the  Chickasaw 

Nation,  Indian  Territory.    U.  S.  Dept.  Interior,  Circular  No.  6.    14  pp.    1904. 

Asphalt  and   bituminous  rock.    In  Mineral   Resources  U.  S.  for  1906, 

pp.  1131-1137.    1907. 

Taff,  J.  A.,  and  Smith,  C.  D.  Ozokerite  deposits  in  Utah.  In  Bulletin  No.  286, 
pp.  369-372.     1900. 

Vaughan,  T.  AV.  The  asphalt  deposits  of  western  Texas.  In  Eighteenth  Ann. 
Rept.,  pt.  5,  pp.  930-935.    1897. 
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BUILDING  STONES. 


MARBLE  OF  f  KITE  PINE  COUNTY,  NEV.,  NEAR 

GANDY,  UTAH. 


By  N.  H.  Dakton. 


Introduction. — In  September,  1907,  in  compliance  with  a  request 
from  Hon.  J.  K.  Taylor,  Supervising  Architect  of  the  Treasury,  I 
made  an  examination  of  a  marble  deposit  in  eastern  Nevada.  The 
purpose  was  to  determine  its  amount,  conditions  of  occurrence,  and 
commercial  prospects  and  to  collect  samples  for  analysis  and  physical 
tests  by  the  technologic  branch  of  the  Geological  Survey. 

Occurrence, — It  was  found  that  the  marble  is  a  member  of  a  series 
of  metamorphic  pre-Cambrian  rocks  of  the  Snake  Range.  The  strata 
are  upUfted  in  a  broad' anticUne  and  deeply  incised  by  canyons  empty- 
ing into  Snake  Valley.  The  exposures  are  all  in  the  first  canyon 
south  of  some  warm  springs  and  begin  about  5  miles  west  by  south 
of  Gandy  post-office,  or  4  miles  west  of  the  Nevada-Utah  State  line. 
They  extend  up  the  canyon  for  2  miles,  constituting  the  greater  part 
of  the  walls  of  the  main  canyon  and  of  several  of  its  branches.  The 
marble  member  is  about  150  feet  thick  and  it  is  included  between 
metamorphic  schists.  The  underlying  schists  appear  in  a  low  arch 
near  the  ''camp''  in  the  canyon.  They  are  about  40  feet  thick  and 
lie  upon  white  quartzite  of  which  only  the  top  is  exposed.  The  over- 
lying schists  are  in  turn  overlairt  by  Cambrian  limestones  of  dark- 
blue  color,  which  are  prominent  in  the  adjoining  higher  slopes  and 
ridges.  The  marble  constitutes  the  walls  of  the  canyon  for  nearly 
2  miles,  but  it  pitches  downward  at  both  ends  of  the  exposure. 

Marble  member. — The  marble  is  a  completely  metamorphosed  or 
recrystallized  limestone,  partly  gray  in  color  and  partly  white.  A 
great  variety  of  tints  of  various  colors  appear,  but  the  larger  part  of 
the  deposit  is  dark  bluish  gray,  banded  or  mottled  with  Ught  gray  or 
white.  Some  beds  show  regular  alternations  of  white  and  gray 
marble  in  thin  layers  which  are  usually  wavy  or  contorted.  A  thick 
deposit  of  white  marble  occurs  near  the  upper  part  of  the  member. 
This  white  marble  is  in  very  thick,  massive  beds  in  the  western  por- 
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tion  of  the  canyon,  where  its  thickness  is  about  35  feet.  Eastward  it 
outcrops  along  the  canyon  walls  at  various  elevations  and  near  the 
east  end  of  the  canyon,  where  it  passes  beneath  the  surface,  it  is  30 
feet  thick,  but  not  massively  bedded.  In  an  exposure  on  slopes  a 
short  distance  south  of  the  canyon  a  low  dome  brings  the  white  marble 
to  the  surface  in  an  area  of  a  few  acres.  Here  portions  of  the  rock  are 
pink,  in  part  in  general  tone  and  in  part  m  mottUngs.  The  extent  of 
the  pink  marble  is  not  revealed.  The  white  marble  in  the  upper  part 
of  the  canyon  is  uniformly  white,  with  a  very  slight  but  pleasing  tinge 
of  cream.  Very  little  pure  white  rock  was  observed.  The  gray 
marble  is  the  predominant  variety,  and  although  it  varies  in  the  pro- 
portion of  white  and  gray  bandings  and  mottlings,  large  bodies  of  it 
are  of  a  uniform  general  tint.  Some  of  the  faces  present  from  75  to 
100  feet  of  this  rock.  A  few  of  the  beds  are  separated  by  thin  part- 
ings of  mica,  which  considerably  diminish  the  strength  of  the  marble, 
but  much  of  it  does  not  part  readily  along  its  bedding  planes. 

Structure. — The  marble  deposits  as  exposed  lie  mainly  in  a  wide,  low 
arch  with  nearly  flat,  sUghtly  undulating  top,  as  shown  in  fig.  22.     This 


Canyon  floor  ^Quartzite 


Fig.  22.— Section  of  marble  in  canyon  west  of  Gandy,  Utah.    Scale:  1  inch->l  mile,  approziiiiately. 

. 

illustration  shows  that  the  marble  is  but  very  Uttle  disturbed.  The 
beds  are  free  from  noticeable  faults,  but  they  are  traversed  by  various 
joint  planes,  mostly  far  apart,  so  that  they  will  facilitate  quarrying. 
It  is  beUeved  that  the  minor  joint  planes  which  occur  in  some  of  the 
outcrops  will  disappear  as  the  surface  material  is  removed.  Most  of 
the  cUffs  show  large  bodies  of  unbroken  marble. 

Character, — ^Analyses  of  the  marble  made  in  the  St.  Louis  laboratory 
are  given  at  the  end  of  this  report.  So  far  as  observed  the  rock  carries 
no  pyrites  or  other  metalUc  minerals  which  would  disfigure  it  on  weath- 
ering. The  natural  weathered  surfaces  indicate  that  it  would  weather 
satisfactorily,  so  far  as  could  be  judged  from  experience  in  other  regions. 
The  crystalline  structure  of  the  rock  is  so  complete  that  it  polishes 
beautifully,  and  this  character  appears  to  extend  through  the  entire 
deposit. 

Quarry  conditions, — The  marble  deposits  are  favorably  situated  for 
quarrying,  as  they  lie  nearly  level  for  a  long  distance  and  are  presented 
in  sloping  canyon  walls.  The  sketch  map  (fig.  23)  shows  the  general 
topographic  conditions.  The  amount  of  marble  is  great,  and  there 
appears  to  be  no  reason  why  quarries  should  not  be  successful  if* they 
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are  properly  opened  and  operated.  So  far  this  marble  has  not  been 
developed,  except  at  a  few  points  where  samples  of  the  surface  mate- 
rial have  been  wedged  off. 

SMpmetU. — The  canyon  haa  a  good  road,  over  which  the  mfurble  can 
be  easily  brought  on  a  gentle  down  grade  to  the  main  wagon  road  in 
the  adjoining  Snake  Valley,  Thence,  however,  the  distance  to  rail- 
roads ranges  firom  65  to  SO  miles,  over  mountains  or  along  valleys, 
where  the  expenee  of  haulage  is  great. 


Crushing  strength. — Four  samples  of  the  marble  were  collected,  but 
all  were  either  from  outcropping  ledges  or  within  a  few  inches  of  the 
surface ;  they  do  not,  therefore,  indicate  the  strength  which  the  quarry 
stone  may  be  expected  to  have.  Samples  No.  1  and  No.  2  were  white 
marble  from  the  west  end  of  the  canyon.  No.  3  is  banded  gray  marble 
and  No.  4  is  white  marble  obtained  near  the  east  end  of  the  exposures. 
The  blocks  were  4-inch  cubes,  and  they  were  tested  in  the  structural- 
materials  laboratories  of  the  Geological  Survey  at  St.  Louis,'  imder 
supervision  of  Mr,  R.  L.  Humphrey. 
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Composition. — The  subjoined  analyses  were  made  of  the  four  s; 
pies  in  the  St,  Louis  laboratory.    The  materials  were  air  dried. 
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Analyses  of  marble  from  White  Pine  County ,  Nev, 


Laboratory  No 

Smca(SiOj) 

Alumina  (AlsOs) 

Ferric  oxide  (FejOj) 

Manganese  oxide  (MnO) . . 

Lime  (CaO) 

Vagnesia  (MgO) 

Bulpharic  anHydride  (SOs) 

Water  at  KXy  C 

Carbon  dioxide  (CDs) 

Ignition  loss 


1 

1. 

2. 

3. 

4. 

262 

263 

264 

265 

.60 

'.4D 

.28 

.50 

.33 

.26 

.23 

.26 

.22 

.24 

.24 

.34 

.02 

Trace. 

.03 

Trace. 

48.58 

53.69 

40.  £6 

53.69 

6.66 

1.43 

5.00 

1.35 

.10 

.06 

.07 

.07 

.00 

.00 

.01 

.00 

44.39 

43.78 

44.50 

43.68 

.05 

.02 

.03 

.05 

99.95 

99.90 

99.97 

99.  v4 

SURVEY  PUBLICATIONS  ON  BUILDING  STONE  AND 

ROAD  METAL. 


The  following  list  comprises  the  more  important  publications  on 
building  stone  and  road  metal  by  the  United  States  Geological 
Survey.  The  annual  volumes  on  Mineral  Resources  of  the  United 
States  contain  not  only  statistics  of  stone  production  but  occasional 
discussions  of  available  stone  resources  in  various  parts  of  the  country. 
Many  of  the  Survey's  geologic  folios  also  contain  notes  on  stone 
resources  that  may  be  of  local  importance. 

Alden,  W.  C.  The  stone  industry  in  the  vicinity  of  Chicago,  111.  In  Bulletin 
No.  213,  pp.  357-360.     1903. 

Bain,  H.  F.  Notes  on  Iowa  building  stones.  In  Sixteenth  Ann.  Rept.,  pt.  4,  pp. 
500-503.     1895. 

Dale,  T.  N.  The  slate  belt  of  eastern  New  York  and  western  Vermont.  In  Nine- 
teenth Ann.  Kept.,  pt.  3,  pp.  153-200.     1899. 

The  slate  industry  of  Slatington,  Pa.,  and  Martinsburg,  W.  Va.    In  Bul- 
letin No.  213,  pp.  361-364.     1903. 

Notes  on  Arkansas  roofing  slates.    In  Bulletin  No.  225,  pp.  414-416.    1904. 

Slate  investigations  during  1904.    In  Bulletin  No.  260,  pp.  486-488.    1905. 

Note  on  a  new  variety  of  Maine  slate.    In  Bulletin  No.  285,  pp.  449-450. 

1906. 

Recent  work  on  New  England  granites.     In  Bulletin  No.  315,  pp.  356-359. 

1907. 

The  granites  of  Maine.    Bulletin  No.  313,  pp.  69.    1907. 

Dale,  T.  N.,  and  others.  Slate  deposits  and  slate  industry  of  the  United  States. 
In  Bulletin  No.  275.     1906. 

Diller,  J.  S.  Limestone  of  the  Redding  district,  California.  In  Bulletin  No.  213, 
p.  365.     1903: 

Eckel,  E.  C.  Slate  deposits  of  California  and  Utah.  In  Bulletin  No.  226,  pp. 
417-422.     1904. 

Hillebrand,  W.  F.  Chemical  notes  on  the  composition  of  the  roofing  slates  of 
eastern  New  York  and  western  Vermont.  In  Nineteenth  Ann.  Rept.,  pt.,  3,  pp.  301- 
305.     1899. 

Hopkins,  T.  C.  The  sandstones  of  western  Indiana.  In  Seventeenth  Ann.  Rept., 
pt.  3,  pp.  780-787.     1896. 

Brownstones  of  Pennsylvania.     In  Eighteenth  Ann.  Rept.,  pt.  5,  pp.  1025- 

1043.     1897. 

Hopkins,  T.  C,  and  Siebenthal,  C.  E.  The  Bedford  oolitic  limestone  of  Indiana. 
In  Eighteenth  Ann.  Rept.,  pt.  5,  pp.  1050-1057.     1897.. 

Keith,  A.    Tennessee  marbles.     In  Bulletin  No.  213,  pp.  366-370.     1903. 

RiEs,  H.  The  limestone  quarries  of  eastern  New  York,  western  Vermont,  Massa- 
chusetts, and  Connecticut.    In  Seventeenth  Ann.  Rept.,  pt.  3,  pp.  795-811.     1896. 
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Sh ALBR,  N .  S .  Preliminary  report  on  the  geology  of  the  common  roads  ol  the  United 
States.    In  Fifteenth  Ann.  Rept.,  pp.  259-306.    1895. 

The  geology  of  the  road-building  stones  of  Massachusetts,  with  some  con- 
sideration of  similar  materials  from  other  parts  of  the  United  States.  In  Sixteenth 
Ann.  Kept.,  pt.  2,  pp.  277-341.    1895. 

SiEBENTHAL,  G.  E.  The  Bedford  oolitic  limestone  [Indiana].  In  Nineteeuth  Ann. 
Rept.,  pt.  6,  pp.  292-296.    1898.    [See  also  Hopkins,  T.  C,  and  Siebknthal,  C.  E.] 

Smith,  G.  0.  The  granite  industry  of  the  Penobscot  Bay  district,  Maine.  In  Bul- 
letin No.  260,  pp.  489-492.    1905. 


CEMENT  AND  CONCRETE  MATERIALS. 


CONCRETE  MATERIALS  PRODUCED  IN  THE  CHICAGO 

DISTRICT. 


By  Ernest  F.  Burchard. 


INTRODUCTION. 

In  connection  with  laboratory  studies  of  the  structural  materials  of 
the  United  States  at  the  structural-materials  laboratories  of  the  United 
States  Geological  Survey  in  St.  Louis,  the  writer  spent  several  weeks 
in  Chicago  and  vicinity,  in  the  summer  of  1906,  obtaining  representa- 
tive samples  of  concrete  materials.  The  location,  extent,  and  geo- 
logic relations  of  the  deposits  sampled  were  noted,  so  as  to  supplement 
the  experimental  data  obtained,  and  a  general  familiarity  with  the 
processes  of  preparation  of  material  was  gained.  When  the  more  im- 
portant laboratory  work  on  the  concrete  materials  of  this  district  shall 
have  been  completed  a  separate  bulletin  on  the  subject  will  probably 
be  published.  The  present  paper  consists  mainly  of  abstracts  from 
the  text  of  the  proposed  bulletin. 

The  term  Chicago  district  as  used  in  this  paper  is  applied  to  the  area 
in  northeastern  Illinois  and  southeastern  Wisconsin  in  which  concrete 
materials  are  produced  principally  for  the  Chicago  market.  The  main 
portion  of  the  district  is  bounded  rather  definitely  on  the  east  by  the 
Illinois-Indiana  State  line;  on  the  south  by* an  east-west  line  passing 
about  7  miles  south  of  Joliet;  on  the  west  by  the  west  line  of  Kane  and 
Kendall  counties,  and  on  the  north  by  an  east-west  line  passing  just 
north  of  Lake  Geneva,  Wis.  The  area  thus  embraced  is  a  quadri- 
lateral 80  miles  from  north  to  south  and  55  miles  from  east  to  west. 
About  500  square  miles  of  this  quadrilateral  lies  in  Lake  Michigan,  so 
that  there  remains  as  land  area  about  3,900  square  miles.  (See  fig.  24.) 
Concrete  materials  used  principally  in  the  Chicago  market  are  pro- 
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m      e:      Q 

nciptl  iron  worlced  IkpIbIhI  rock  outrrop. 


Fia.  24.— Uapot  nutln  portion  o(  district  Iiom  Vblch  Cblfogo  derlvea  concrata 
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duced  also  at  three  places  beyond  the  area  thus  outlined,  viz,  Kan- 
kakee, 111.,  and  Beloit  and  Janesville,  Wis.  In  a  city  having  more 
than  2,000,000  inhabitants  it  is  to  be  expected  that  a  great  deal  of 
structural  material  such  as  dimension  stone,  granite  blocks,  clay  for 
bricks,  tile,  and  terra  cotta,  as  well  as  limestone,  sand,  and  gravel  for 
concrete  purposes  should  be  brought  from  considerable  distances. 
The  significant  fact  has  been  brought  out,  however,  during  a  brief 
study  of  the  field,  that  Chicago  and  her  environs,  included  within  the 
area  described  above,  produce  practically  all  the  concrete  material 
that  is  used  locally,  besides  nearly  all  the  ordinary  dimension  stone 
and  common  clays.  The  granite,  marbles,  and  finer  grades  of  dimen- 
sion stones,  flagging,  curbing,  and  fire  clays  are  brought  from  various 
outside  States.  The  granite  areas  near  Green  Lake,  Wis.,  the  lime- 
stone area  near  Bedford,  Ind.,  the  sandstone  area  near  Berea,  Ohio, 
and  the  clay  mines  of  Illinois,  Indiana,  and  Ohio,  are  all  important 
contributors  to  Chicago  construction  work. 

The  importance  to  Chicago  of  a  near-by  and  adequate  supply  of  raw 
materials  for  concrete  purposes  is  very  great,  especially  as  concrete 
construction  in  its  various  forms  is  at  present  making  more  rapid 
advances  than  any  other  type  of  such  work. 

CONSTITUENT  MATERIAILS. 

VARIETIES. 

The  concrete  materials  produced  in  the  Chicago  district  consist,  in 
the  order  of  quantities  produced,  of  crushed  magnesian  limestone; 
sand;  gravel,  part  of  which  is  crushed;  and  Portland  and  natural 
cements.  The  crushed  stone  constituent  closely  approximates  dolo- 
mite in  composition,  and  is  derived  from  the  Niagara  formation,  which 
underlies  the  entire  district,  either  outcropping  at  the  surface  or  lying 
below  thicknesses  of  glacial  drift  ranging  from  a  few  feet  to  125  feet. 
The  sand  and  gravel  are  derived  from  three  types  of  material — (a)  gla- 
cial drift  and  outwash  from  the  drift  sheet,  (6)  shore  deposits  of  the 
present  Lake  Michigan,  and  (c)  deposits  on  old  beaches  of  the  former 
extended  glacial  lake.  Cements,  though  manufactured  at  Chicago, 
are  not  strictly  of  local  materials,  the  limestone  that  enters  into  their 
composition  being  brought  from  Fairmount,  a  point  in  east-central 
Illinois  about  100  miles  south  of  the  district  as  defined  irf  this  paper. 

VALUE. 

It  has  proved  difficult  to  ascertain  exactly  the  value  of  the  various 
materials  produced  in  the  Chicago  district  that  are  used  in  concrete 
work,  for  the  reason  that  in  making  returns  producers  are  not  always 
able  to  state  definitely  the  uses  to  which  the  whole  of  their  output  of 
broken  stone  is  put.     However,  if  we  consider  as  concrete  material 

47076— Bull.  340—08 25 


886         CONTRIBUTIONS   TO  ECONOMIC  GEOLOGY,  1907,  PABT  I. 

all  the  crushed  stone  produced,  except  that  sold  for  flux  and  for  lime 
burning,  the  approximate  value  of  this  material  produced  in  the  dis- 
trict in  1906  was  nearly  $2,000,000.  The  value  of  the  sand  produced 
during  the  same  period  was  $205,500,  and  that  of  the  gravel  was 
$198,034.  The  total  value  of  these  concrete  materials  was  therefore 
a  little  less  than  $2,500,000.  Returns  for  1907  are  not  yet  available, 
but  it  is  likely  that  the  figures  for  that  year  will  not  exceed  those  of 

1906,  as  general  building  operations  were  greatly  curtailed  during 

1907.  The  extensive  construction  work  at  the  new  town  of  Gary, 
Ind.,  being  built  by  the  United  States  Steel  Corporation,  probably 
offset  in  part  at  least  the  general  inactivity  in  Chicago,  the  stone  for 
Gary  being  almost  wholly  derived  from  the  Chicago  district. 

DETAlIiED  DESCRIPTION  OF  MATEBIAIjS. 

NIAGARA  LIMESTONE. 
CHARACTER   AND   DISTRIBUTION. 

The  Niagara  limestone  of  the  Silurian  system  underlies  all  but  the 
southwest  comer  of  the  district.  It  consists  mainly  of  highly  mag- 
nesian  limestone,  but  contains  some  shale  near  the  base.  Under 
probably  nine-tenths  of  the  area  the  rock  is  covered  by  glacial  drift 
and  recent  soil  and  alluvium,  the  total  thickness  of  which,  in  places, 
is  as  great  as  125  feet,  although  generally  it  ranges  between  30  and 
80  feet.  The  exposures  of  Niagara  rock  are  mostly  in  the  southeastern 
quarter  of  the  district  as  defined  in  this  paper,  and  they  are  due  (a) 
to  irregularities  in  the  bed-rock  surface,  (6)  to  stream  erosion,  or  (^) 
to  a  combination  of  these  two  causes.  The  preglacial  surface  or  bed- 
rock topography  was  imdulating  as  compared  with  the  present  flat 
plain  upon  which  Chicago  stands,  and  the  ancient  hills  of  limestone 
arc  consequently  buried  by  a  less  thickness  of  drift  than  the  valleys — 
in  fact,  in  several  places  these  limestone  hills  reach  the  present  surface. 

Within  the  city  limits  of  Chicago  there  are  10  or  more  places  where 
the  limestone  either  is  exposed  ia  a  small  area  or  else  has  been  found 
to  be  so  thinly  covered  by  drift  that  stripping  and  quarrying  are  prac- 
ticable. West,  southwest,  and  south  of  the  city  there  are  25  or  more 
small,  isolated  exposures,  at  most  of  which  quarrying  is  now  or  has 
been  carried  on. 

The  main  outcrop  area  in  the  district  extends  along  the  valley  of 
Desplaines  River  from  Sag  Bridge  to  a  poiat  10  miles  below  Joliet. 
Here  the  rock  forms  the  valley  floor,  overlain  in  places  by  a  few  feet 
of  alluvium  or  by  outwash  sand  and  gravel,  and  locally  it  rises  30 
to  50  feet  in  the  bluffs.  A  few  exposures  occur  also  along  other 
streams  within  the  district,  such  as  Salt  Creek  near  Lagrange,  Dupage 
River  near  Naperville,  and  Fox  River  at  Batavia,  St.  Charles,  and 
South  Elgia.     (See  map,  fig.  24.) 
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The  total  thickness  of  the  Niagara  formation  in  the  district  ranges 
from  250  to  more  than  400  feet,  and  it  is  probable  that  the  original 
thickness  was  greater  than  this,  because  there  was  opportunity  for 
preglacial  erosion  of  beds  lying  above  the  present  surfabe. 

The  character  of  the  rock  at  the  various  outcrops  and  quarries 
within  the  area  covered  by  the  Chicago  geologic  foUo  is  described  in 
that  folio  by  WilUam  C.  Alden.**  Since  the  folio  was  published  im- 
portant new  quarries  have  been  opened  within  that  area,  particularly 
at  Gary,  Lagrange,  and  McCook. 

Just  southeast  of  Lagrange,  on  the  northeast  side  of  the  Chicago 
Junction  Railway,  are  the  quarries  of  the  Federal  Stone  Cofnpany  and 
the  Lagrange  Stone  Company,  both  of  which  have  been  opened  within 
the  last  two  or  three  years,  and  are  about  20  feet  deep.  The  strata  do 
not  outcrop  at  this  place,  although  they  approach  within  a  foot  or  two 
of  the  surface,  where  the  cover  is  thinnest.  The  surface  of  the  rock 
is  uneven,  and  a  short  distance  to  the  east  and  northeast  \he  cover 
becomes  too  thick  for  stripping.  The  rock  has  generally  a  slight  dip 
to  the  southeast,  but  in  places  dips  as  steep  as  20°  were  noted.  The 
top  rock  is  rather  thin  bedded,  and  generally  is  oxidized  to  a  buff 
color  2  to  10  feet  below  the  surface,  but  is  fairly  white  below  the 
oxidized  zone.  The  composition  of  the  rock  is  shown  by  analyses  4 
and  5  on  page  394. 

A  new  quarry  was  being  opened  hear  McCook  in  the  summer  of  1907 
by  the  United  States  Crushed  Stone  Company.  The  stripping  is  thin 
and  when  removed  discloses  beds  that  are  much  fractured  and 
weathered  to  a  light-buff  color  the  full  depth  of  the  opening,  about  15 
feet.  Work  is  being  pushed  at  this  quarry,  the  excavation  being 
facilitated  by  use  of  a  steam  shovel.  Clay  pockets  are  encountered 
in  places  in  the  Umestone.  The  product  is  crushed  and  sold  at  present 
mainly  for  fluxing  material.  The  average  analysis  (No.  7,  p.  394) 
indicates  the  composition  of  the  rock,  and  illustrates  the  fact  that, 
although  the  material  may  be  uniformly  of  a  buff  color,  rather  than 
white,  it  is  quite  as  free  from  impurities  as  the  unoxidized  beds  found 
at  greater  depths. 

From  the  analysis  which  was  submitted  by  the  stone  producers  the 
rock  is  seen  to  be  a  fairly  pure  magnesian  limestone,  closely  approxi- 
mating the  composition  of  dolomite,  and  therefore  highly  desirable 
for  fluxing  purposes.  On  account  of  its  buff  color  its  value  should 
.not  be  less  for  concrete  material,  except  where  a  very  light-colored 
stone  is  required  for  exposed  construction.  After  the  quarry  reaches 
greater  depth  the  lighter  colored  stone  will  be  found. 

a  Description  of  the  Chicago  district:  Oeologic  Atlas  U.  S.,  folio  81,  U.  S.  Oeol.  Survey,  1902. 
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At  Gary,  southwest  of  McCook,  is  the  new  quarry  of  Dolese  & 
Shepard.  In  August,  1907,  this  opening  comprised  about  15  acres 
and  showed  a  section  about  as  follows: 

Section  of  Niagara  limestone  at  Dolese  d:  Shepard  quarry,  Gary,  lU. 

Soil  and  drift 6  inches  to  4  feet. 

Magnesian  limestone,  buff  colored,  slightly  stained  and 
weathered  into  thin  strata. . . .  .* 4  to  10  feet. 

Magnesian  limestone,  light  grayish  blue,  ranging  from  fine 
grained  and  dense  to  fairly  porous;  the  beds  are  thicker 
than  the  surface  rock,  reaching  a  thickness  in  places  of  15 
inches;  a  few  clay  seams  are  present  where  the  bedding 
planes  are  irregular  and  in  joint  planes;  fossils  are  abun- 
dant   27  to  30  feet. 

The  rock  lies  almost  horizontal,  and  is  cut  by  two  sets  of  joints 
neariy  at  right  angles  to  each  other  and  extending  northeast-south- 
west and  northwest-southeast.  In  the  section  are  three  or  four 
bands  of  light  pinkish-gray  porous  rock,  7  to  12  inches  thick,  that  can 
be  traced  halfway  round  the  opening  or  farther,  and  such  rock  is 
found  to  make  the  most  excellent  lime.  Crushed  stone,  rubble,  and 
flux  are  the  principal  products  here,  and  lime  is  soon  to  be  burned. 

The  composition  of  the  rock  at  Gary  is  shown  by  analysis  No.  8, 
page  394,  which  represents  an  average  of  twenty-seven  analyses,  one 
being  made  each  week  throughout  the  last  half  of  1903,  a  total  of  811 
carloads  having  been  sampled. 

The  following  section  represents  a  quarry  at  Lemont: 

Section  at  quarry  of  Western  Stone  Company,  Lemont. 

Ft.     in. 

Soil 1        6 

Magnesian  limestone,  thin  bedded,  cherty 4 

Magnesian  limestone,  in  beds  about  1  foot  thick;  contains  some 

chert  nodules 3 

Magnesian  limestone,  similar  to  above,  but  in  beds  10  inches 

thick 1        8 

Magnesian  limestone,  massive,  very  cherty,  in  two  beds  of  equal 

thickness 2        5 

Magnesian  limestone,  sparingly  cherty 1        9 

Magnesian  limestone,  cherty,  with  "hackly"  fracture,  in  four 

thin  beds 1        3 

Magnesian  limestone,  gray,  fine  grained,  chert  free,  massive  bed .     2        5 
Magnesian  limestone,  gray,  fine  grained,  chert  free,  in  two  beds, 

1  foot  5  inches  thick 2      10 

Magnesian  limestone,  fine  grained,  chert  free,  in  one  bed,  called 

** Washington  ledge" 1       3 

Magnesian  limestone,  gray,  fine  grained,  chert  free,  in  two  beds, 

3  and  7  inches  thick 10        * 

Magnesian  limestone,  gray,  fine  grained,  chert  free,  one  massive 

bed 3-11 

Water  level  of  quarry. 

The  cherty  beds  at  this  quarry  can  not  be  used  for  dimension  stone^ 
but  they  make  good  road  material  and  ballast. 
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On  the  north  side  of  Desplaines  Valley,  about  three-fourths  of  a 
mile  northeast  of  Lemont,  the  Niagara  limestone  rises  35  to  50  feet  in 
the  bluff  at  the  quarry  of  the  Young  Stone  Company.  Here  the  fol- 
lowing section  is  exposed: 

Generalized  section  at  quarry  of  Young  Stone  Company j  Lemont, 

Ft. 

Soil i 

Gravel 3-4 

Magnesian  limestone,  thin  bedded,  weathered,  and  fractured 5 

Magnesian  limestone,  even,  medium  bedded,  fine  grained,  buff, 

noncherty 6 

Magnesian  limestone,  even,  medium  bedded,  cherty,  gray 7 

Magnesian  limestone,  even,  heavy  bedded,  cherty,  light  colored ...  2 
MagnesiSin  limestone,  thin  to  medium  bedded,  fine  grained,  non- 
cherty   6    • 

Magnesian  limestone,  heavy  bedded,  fine  grained,  noncherty,  light 

colored •.  10 

Rubble,  dimension,  and  crushed  stone  are  quarried  from  these  beds. 

Down  the  river  from  Lemont  to  a  point  about  10  miles  below  Joliet, 
the  Desplaines  Valley  is  cut  in  the  rock  so  that  exposures  are  numer- 
ous, both  along  the  valley  sides  and  in  quarries,  excavated  in  the  valley 
bottom.  The  sanitary  and  ship  canal  of  Chicago,  extending  neariy 
to  Joliet,  has  been  cut  in  the  rock  along  this  part  of  its  course  and  con- 
sequently a  large  quantity  of  broken  rock  is  available  here.  This 
material  is  being  gradually  utilized  for  riprap,  ballast,  filling,  and 
crushed  stone.  At  Lemont  broken  stone  from  the  spoil  banks  of  the 
canal  is  being  loaded  on  barges  and  carried  to  Chicago,  where  it  is  used 
in  lake  front  improvement  work  at  Lincoln  Park.  Two  miles  below 
Lemont  the  Western  Stone  Company  operates  two  crushers  which 
are  converting  the  rock  of  the  spoil  bank  into  concrete  material,  and 
the  product  is  shipped  to  Chicago  via  the  canal.  The  weathering  of 
the  rock  where  it  has  been  piled  for  ten  years  has  not  been  great.  The 
material  is  mainly  hard  and  gritty,  but  the  surface  rock  is,  of  course, 
oxidized  on  the  outside.  Some  portions  of  the  spoil  bank  naturally 
furnish  rock  that  is  preferable  to  that  in  other  localities,  depending  on 
the  texture  and  the  amount  of  chert  and  of  clay  present. 

For  about  3  miles  below  Lemont  the  valley  sides  are  lined  with 
abandoned  quarries,  where  excellent  dimension  stone  was  obtained 
in  the  days  before  concrete  construction  was  extensively  employed. 
The  rock  suitable  for  dimension  stone,  known  to  the  trade  as  '^Athens 
marble,''  is  found  in  its  best  development  at  and  near  Lemont, 
^though  good  beds  of  it  are  found  as  far  south  as  Joliet.  Quarrymen 
have  applied  the  term  ''tame  stone''  to  rock  that  is  fine  grained, 
smooth  textured,  even  bedded,  and  noncherty,  and  such  rock  makes 
the  best  dimension  stone.  They  have  likewise  applied  the  term 
^'wild  rock"  to  rock  that  is  irregularly  bedded,  breaks  with  a  rough 
fracture,  and  contains  argillaceous  material  or  chert  or  both.     Such 
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rock  often  makes  very  desirable  crushed  stone,  and  although  it  had 
to  be  discarded  before  the  era  of  concrete,  it  is  now  as  valuable  for 
crushing  purposes  as  the  '^tame  stone/'  and  by  some  producers  is 
held  to  be  preferable,  for  some  of  it  is  found  to  yield  on  crushing  a 
more  nearly  cubical  fragment  than  the  '^tame  stone,!'  which  tends  to 
crack  into  thin  chips  when  crushed. 

Within  the  city  of  Joliet,  and  for  2  or  3  miles  north  and  south  from 
its  center,  the  quarrying  industry  is  active,  about  15  important  open- 
ings having  been  noted  in  September,  1907.  On  the  west  bluflF  of 
Desplaines  Valley,  in  the  SE.  J  sec.  33,  Lockport  Township,  the 
quarry  of  the  Commercial  Stone  Company  shows  the  following  section: 

Section  at  quarry  of  Commercial  Stone  Company,  near  Joliet: 

Feet. 

Son 1-2 

Gravel 4-6 

Magnesian  limestone,  buff  colored,  weathered,  thin  bedded,  and 

cherty 5-9 

Magnesiaji  limestone,  light  gray,  even  grained,  in  medium  to  thick 
beds,  with  a  few  cherty  strata  near  bottom 37zfc 

These  beds  dip  2°  to  3°  NW.,  and  are  cut  by  two  very  prominent 
sets  of  joints;  One  of  these  sets  extends  N.  40°  E.  and  the  joint 
planes  are  vertical,  clean  cut,  or  enlarged  by  solution,  and  are  spaced 
at  intervals  of  46  to  50  feet.  The  other  set  of  joints  extends  prac- 
tically at  right  angles  to  the  first  set,  but  the  planes  are  less  regular 
and  persistent,  and  they  pitch  steeply  to  the  southeast.  Water 
descending  from  the  gravel  above  the  limestone  has  opened  numerous 
large  channels  through  the  rock,  and  many  of  these  are  filled  with 
clay  when  opened  in  quarrying.  Along  one  joint  plane  so  much  rock 
has  been  removed  by  solution  that  the  upper  beds  have  caved  down 
into  the  opening.  Rubble  is  the  principal  product  of  the  quarry  at 
present. 

On  the  east  side  of  the  valley,  about  one-fourth  mile  south  of  the 
north  line  of  Joliet  Township,  a  quarry  and  crushing  plant  is  operated 
by  the  State  Penitentiary.  The  quarry  is  excavated  below  the  level 
of  the  valley  bottom,  and  shows  the  following  section: 

Section  at  State  Penitentiary  quarry,  Joliet. 

Feet. 

Black  soil  and  limestone  debris 1-2 

Argillaceous  limestone,  thin  bedded  and  flaggy,  somewhat  stained 

to  buff  or  light  brown  color 3 

Magnesian  limestone  in  fine  grained,  medium-thick,  even  beds 5 

Magnesian  limestone,  rough  grained,  irregularly  bedded,  in  medium- 
thick  beds ^        3 

Magnesian  limestone,  hard,  in  thin  to  medium-thick  strata,  irregu- 
larly bedded,  with  rough  fracture  and  films  of  blue,  hard,  claylike 
material  distributed  through  the  mass.  The  color  of  the  rock  is 
light  pink 6 
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The  rock  obtained  here  is  used  for  road  making  throughout  the 
State. 

The  Western  Stone  Company  operates  a  large  quarry  near  South 
Richards  street,  in  the  southern  part  of  Joiiet.  In  this  and  neigh- 
boring quarries  the  Niagara  hmestone  is  exposed  for  more  than  one- 
half  mile  along  the  Michigan  Central  and  Elgin,  Johet  and  Eastern 
tracks  to  depths  ranging  from  15  to  50  feet.  The  following  section 
shows  the  general  character  of  the  upper  part  of  the  rock  and  its 
cover  at  this  place: 

General  section  at  quarry  of  Western  Stone  Company ^  Joiiet, 

Peet. 

Soil,  gravel,  peat,  and  calcareous  clay,  with  minute  shells 2-20 

Magnesian  limestone,  thin  bedded,  flaggy,  and  weathered  to  yellow 
or  buff  color  on  top;  the  rock  is  even  bedded  and  fine  grained 
(tame  stone).  Lower  beds  become  lighter  colored  and  reach 
thicknesses  of  2  feet 17 

Magnesian  and  argillaceous  gray  limestone  (wild  rock)  in  rough- 
surfaced,  irregular  beds,  1  to  3  feet  thick,  mostly  chert-free 10-15 

Beds  similar  to  above,  but  thicker  bedded,  and  containing  a  little 
chert  in  small  nodules,  as  well  as  considerable  bluish-green 
argillaceous  materials  on  the  pitted  surfaces  of  the  beds 12-15 

The  "  tame  stone''  is  used  for  dimension  stone,  flagstone,  and  curbs. 
The  ''wild  rock''  is  entirely  crushed.  It  is  very  hard,  and  crushes 
into  well-shaped  lumps. 

'The  beds  are  jointed,  the  planes  trending  nearly  due  northwest- 
southeast  and  northeast-southwest.  The  first-mentioned  joints 
appear  usually  to  be  inclined  to  the  northeast,  but  those  of  the  second 
set  are  more  commonly  vertical.  There  has  been  I'ather  general 
though  slight  slipping  of  the  strata  on  the  northwest-southeast  joint 
planes.  The  displacement  reaches  2  inches  in  a  number  of  places, 
and  the  downthrow  is  toward  the  direction  of  inclination  of  the  joint 
plane,  or  usually  toward  the  northeast.  Where  the  hade,  or  inclina- 
tion, is  in  the  opposite  direction  the  downthrow  is  there  found  to  be 
in  the  direction  toward  which  the  plane  is  inclined,  or,  in  other  words, 
the  miniature  fault  is  everywhere  a  normal  one.  In  working  the  rock 
advantage  is  taken  of  this  general  drop  on  the  northeast  side  of  the 
joint  planes,  as  it  is  possible  thus  to  pry  loose  and  move  slabs  and 
blocks  with  greater  facility  than  where  there  is  no  offsetting  in  the 
beds. 

As  nearly  all  the  quarries  at  Joiiet  are  comparatively  shallow,  few, 
if  any,  additional  facts  would  be  brought  out  by  further  descriptions. 
In  general  it  is  shown  that  cherty  beds  usually  outcrop  in  the  river 
bluffs,  and  that  below  these  cherty  beds  there  are  alternations  of 
noncherty  ''tame"  and  "wild"  rock,  and  in  places  beds  that  are 
sparingly  cherty  at  25  feet  or  more  below  the  level  of  the  flood  plain. 
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Southwestward  down  Desplaines  Valley  to  the  mouth  of  Rock  Kun 
the  normal  magnesian-limestone  character  of  the  Niagara  remains 
constant;  although  exposures  below  the  south  line  of  JoHet  Town- 
ship are  fewer  because  of  the  presence  of  gravel  terraces  in  the  valley- 
In  the  vicinity  of  Rock  Run,  however,  and  extending  southeastward 
to  the  vicinity  of  Millsdale,  is  a  bed  of  shale  very  similar  to  the  Maquo- 
keta  shale  that  Ues  below  the  Niagara  formation.  About  11  feet  of 
this  shale  is  exposed  at  the  pit  of  the  Millsdale  Pressed  Brick  Com- 
pany on  the  edge  of  the  valley  one-half  mile  east  of  Millsdale  station. 
To  the  southwest  of  and  stratigraphically  below  this  shale  lies  a 
coarse-grained,  roughly  weathering  fossiUferous  limestone.  It  is 
cherty  and  in  places  contains  large  numbers  of  calcite  nodules.  This 
rock  is  exposed  in  the  wagon  road  near  Desplaines  River  south  of 
Millsdale,  below  the  Atchison,  Topeka  and  Santa  Fe  Railway  culvert  1 
mile  southwest  of  Millsdale;  in  Rock  Run  just  below  the  bridge  of  the 
Chicago,  Rock  Island  and  Pacific  Railway;  along  Dupage  River  above 
the  Rock  Island  Railway  bridge,  and  at  other  places  in  the  vicinity. 
Fossils  collected  from  the  exposure  on  Rock  Run,  where  the  relations 
of  the  limestone  to  the  shale  are  very  clear,  and  from  the  Millsdale 
locality,  were  submitted  to  Dr.  Stuart  Weller  of  the  Illinois  Geological 
Survey,  and  were  pronounced  by  him  to  be  Niagara  forms.  The  shale 
did  not  yield  any  fossils  where  examined.  The  limestone  below  the 
shale  is  very  dissimilar  to  Niagara  limestone.  It  bears  some  resem- 
blance to  the  Galena  limestone,  but  unless  further  detailed  i^tfldies 
demonstrate  the  contrary,  the  rock  must  be  considered  as  belonging 
to  the  Niagara  formation,  on  the  paleontologic  evidence  furnished  by 
Doctor  Weller. 

From  an  economic  standpoint  this  Umestone  below  the  shale  bed 
can  not  be  regarded  as  of  present  importance  to  the  concrete  industry 
for  the  following  reasons:  (a)  Its  texture  is  not  sufficiently  uniform, 
as  it  contains  a  mixture  of  calcite,  magnesian  limestone,  and,chert; 
and  (6)  its  outcrop  area  is  too  remote  from  markets  to  enable  it  to 
compete  with  the  better  Niagara  limestone,  which  occiu^  in  prac- 
tically inexhaustible  quantities  in  more  advantageous  situations. 
Therefore  the  survey  of  the  Desplaines  Valley  for  limiestone  concrete 
material  available  to  the  Chicago  market  was  terminated  with 
Millsdale  as  its  southwestern  limit. 

The  thickness  of  the  Niagara  limestone  in  a  city  well  at  Ottawa 
street  and  Crowley  avenue,  Joliet,  was  reported  by  the  city  engineer 
to  be  220  feet.  Below  this  the  record  showed  a  bed  of  shale  140 
feet  thick  (Maquoketa),  and  next  below  was  225  feet  of  limestone 
(Galena).  There  is  thus  at  Joliet  no  record  of  a  thin  bed  of  shale 
toward  the  base  of  the  Niagara. 
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On  Fox  River  the  Niagara  rock  was  observed  to  outcrop  at  about 
six  places,  and  inasmuch  as  no  especial  search  was  made  for  outcrops 
in  the  gravel  district  there  are  doubtless  others.  Two  of  these  out- 
crops are  on  the  east  and  west  sides  of  Fox  River  about  1  mile  north 
of  the  center  of  Batavia,  and  quarrying  in  a  small  way  for  local  use 
has  evidently  been  carried  on  here.  Another  outcrop  was  observed 
west  of  the  river,  in  the  northern  part  of  St.  Charles. 

At  South  Elgin,  on  the  west  side  of  Fox  River,  the  Niagara  lime- 
stone comes  to  the  surface  of  the  valley  bottom  and  is  being  exploited 
at  the  quarry  of  Magnus  &  Hagel.  The  rock  occurs  in  thin  beds 
with  irregular,  horizontal,  wavy  bedding  planes  usually  coated  with 
thin  seams  of  bluish-green  clay.  The  rock  breaks  with  irregular 
rough  fracture  and  is  rather  cherty.  At  20  feet  below  the  top  there 
are  3  feet  of  beds  in  which  the  chert  nodules  are  large  and  almost 
predominate  in  the  strata.  The  material  is  typically  a  '^wild  rock" 
and  is  highly  magnesian.  The  top  5  to  10  feet  of  beds  are  weathered 
and  stained  to  a  buff  color.  The  rock  is  sparingly  fossiliferous  and 
in  places  contains  crystals  of  dolomite  and  pyrite. 

On  West  Branch  of  Dupage  River,  three-fourths  of  a  mile  south- 
west of  the  railroad  station  at  N|iperville,  is  a  small  area  of  Niagara 
limestone  exposed  by  this  stream.  The  rock  has  been  quarried 
extensively  here  in  former  years,  but  the  workings-  are  now  aban- 
doned  and  the  pits  are  filled  with  water.  The  cover  that  was  stripped 
ranged  in  thickness  from  4  to  15  feet,  principally  of  drift,  and  the  cuts 
were  from  40  to  70  feet  deep.  The  quarries  formerly  fiunished  bridge 
stone,  dimension  stone,  rubble,  and  crushed  stone.  The  rock  was 
apparently  used  largely  in  the  construction  of  the  older  buildings  at 
Naperville.  Much  of  the  rock  obtained  was  massive  bedded  and 
even  grained,  and  some  was  evidently  cherty. 

CHEMICAL   COMPOSITION. 

An  important  use  to  which  the  Niagara  magnesian  limestone  is  put 
in  the  vicinity  of  Chicago  is  as  a  flux  in  iron  and  steel  making.  Vast 
quantities  of  Lake  Superior  ore  are  smelted  and  the  iron  is  converted 
into  steel  at  the  works  of  the  Illinois  Steel  Company  at  South  Chicago 
and  Joliet.  At  Indiana  Harbor,  Ind.,  the  plant  of  the  Inland  Steel 
Company  has  commenced  operations,  and  the  United  States  Steel 
Corporation  is  erecting  works  of  such  magnitude  near  the  lake  shore 
in  northwestern  Indiana  that  the  construction  of  the  new  town  of 
Gary  has  been  begim.  As  the  Lake  ore  contains  a  very  low  percentage 
of  lime  and  magnesia,  good  fluxing  stone  is  very  much  in  demand  and 
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many  working  analyses  of  the  Ni^ara  rock  are  available.     A  few  of 
these  are  given  below: 

Analy»e»  of  Niagara  limeitone. 


Mo.    SIO..   AW)tFeiOt'MnO.C«CO,»'MgCO,.oNaK>.  K^.  SOi.      P.        S.     H^.        Authority. 


O.  3.  Geol.  §ur- 


Fonndry  Co 
Cblcii^ 


lUliu>la        Steel 

Co    CUCBCD 
J-V-Q-Blaney, 


a  The  lime  utd  magneila  are  here  given  In  tenni  ol  the  oatbonate  [n  oTdet  moTe  nodPr  to  ibow  haw 
dosel;  the  composition  of  the  rook  approaidiei  that  ol  dolomlts  (CaCOi— M^  pec  i»nt;  HgCOi— 4S.filS 

1.  From  Dolen  &  Sbepuid,  Hawtbotne  quarry.    Average  of  IS  analyaei  nude  on  ST8  carioada  of 

2.  From  basal  beds  at  qnarr;  of  BrownfiU  Impiovement  Co.,  Thornton.    Rock  la  bomed  for  Itnw. 

3.  Prom  bedi  near  middle  ol  face  of  same  quarry  at  Thornton.    Rock  can  not  be  burned  for  lima. 
4  and  G.  Samples  avenged  from  top  SO-toot  face  at  quarry  of  Federal  Stone  Co,,  Lagrange. 

6.  From  Dolose  &  Shepaid,  McCook  quarry.    Average  ol  38  analyses  made  on  S03  oarioads  ol  itona  In 


OBNEBAL   METHODS    OF   PREPARATION   OF   CRUSHED   STONE, 

As  nearly  all  the  stone  quarries  in  the  (^cago  district  are  in  the 
form  of  pits  excavated  below  the  surrounding  surface,  the  problems 
that  have  to  be  met  are  those  peculiar  to  this  type  of  quarry,  and 
therefore  the  same  fundamental  principles  are  very  generally  observed. 
Methods  vary  considerably,  however,  throughout  the  district,  accord- 
ing to  the  size  of  the  quarry,  its  st^;e  of  development,  the  character 
of  the  rock,  and  the  uses  for  which  it  is  intended.  In  the  initial  stage 
the  rock  must  be  stripped  of  its  overlying  cover  of  soil  and  glacial 
debris.  This  is  usually  done  by  means  of  scrapers,  but  in  the  case 
of  deposits  5  or  6  feet  thick  a  steam  shovel  may  be  advantageously 
employed,  particularly  where  the  same  shovel  can  be  used  for  further 
work  in  handling  the  broken  upper  courses  of  rock.  A  thickness  of 
6  feet  of  cover  is  considered  to  be  about  the  maximum  limit  profitable 
to  strip  at  present.  Drilhng  and  blasting  are  universally  employed 
to  break  up  the  rock,  but  here  again  occurs  a  wide  diversity  in  prac- 
tice.    Both  steam  and  compressed  air  are  used  in  drilling,  the  latter 
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preferably  on  long  lines.  The  depth  drilled  ranges  from  3i  feet  to 
24  feet.  The  charges  also  vary  considerably  in  number,  character, 
and  strength.  Most  quarrymen  use  dynamite,  although  a  few  prefer 
black  powder.  The  thoroughness  with  which  the  stone  is  broken  up 
in  blasting  contributes  toward  the  economical  operation  of  a  quarry. 
At  some  quarries  large  quantities  of  rock  are  shot  out  in  huge  blocks 
and  these  require  reblasting  and  also  a  great  deal  of  subsequent 
breaking  with  sledges  to  reduce  the  stone  to  a  suitable  size  for  the 
crusher.  At  one  quarry,  operated  by  an  expert  powder  man,  holes 
are  drilled  2  feet  apart,  4  to  10  feet  from  the  face,  in  two  rows,  and  set 
"staggering.''  At  times  as  many  as  100  shots  are  fired  at  once,  and 
as  a  result  very  Uttle  reblasting  is  found  necessary. 

At  practically  all  the  quarries  equipped  with  crushers,  the  crushers 
are  situated  at  the  surface,  above  the  quarry,  so  that  the  rock  has 
to  be  raised  to  them.  At  the  greater  number  of  quarries  the 
broken  rock  is  loaded  by  hand  and  hauled  in  automatically  dumping 
cars  up  an  incline  by  cable.  At  a  few  of  the  larger  but  shallow 
quarries  the  rock  is  loaded  by  steam  shovels.  Rock  for  lime  burning 
or  for  rubble  is  generally  selected  and  loaded  by  hand.  In  very  deep 
pits  platform  elevators  are  in  use,  so  built  that  they  carry  one  or  two 
loaded  cars  at  a  time.  The  character  and  capacity  of  the  tram  cars 
vary  according  to  the  general  character  of  the  equipment  of  the 
quarry,  cars  of  wood  or  steel  that  hold  2  to  3  yards  of  broken  stone 
being  used.  In  crushing  the  stone  several  types  of  equipment  are 
employed,  but  each  aims  to  break  the  stone  and  to  separate  it  into 
definite  sizes  by  dry  screening.  For  concrete  purposes  the  stone 
should  be  as  free  from  dust  as  it  is  possible  to  make  it,  and  therefore 
plants  which  pay  especial  attention  to  the  screening  end  of  the 
process  produce  the  best  grade  of  concrete  material. 

One  of  the  largest  and  most  efficient  plants  in  the  district  consists 
of  two  mills,  one  equipped  with  a  No.  8  and  the  other  with  a  No.  7i 
Gates  gyratory  crusher,  besides  two  No.  5  crushers  each.  The  capac- 
ity of  the  two  sets  of  crushers  is  respectively  about  200  tons  and  170 
tons  per  hour,  giving  an  average  daily  output  of  about  3,000  tons. 
The  rock  is  put  through  rotary  cylindrical  steel  screens,  that  give  the 
following  sizes:  *' Screenings,"  less  than  one-fourth  inch;  "roofing," 
one-fourth  to  one-half  inch;  "concrete,"  one-half  to  1  inch;  fine 
medium,  1  inch  to  IJ  inches;  "medium,"  IJ  to  2§  inches;  macadam, 
2 J  to  5  inches;  and  fluxing  stone,  5  to  7  inches,  the  last  size  being 
rejected  by  the  coarsest  screen.  Crushed  stone  is  screened  dry  as 
contrasted  with  the  washing  process  to  which  gravel  is  subjected 
when  crushed  and  screened.  As  a  rule  the  broken  stone  comes  from 
the  quarry  with  Uttle  or  no  foreign  material,  and  whenever  a  clay 
seam  or  pocket  is  encountered  it  is  cheaper  to  extract  that  material 
in  the  quarry  than  to  remove  it  by  washing  in  the  mill.     Another 
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large,  newly  built  plant  is  equipped  with  one  No.  8,  two  No.  5,  and 
two  No.  3  crushers  and  four  screens.  The  reported  product  of  this 
mill  at  the  start  was  1,600  to  3,000  cubic  yards*  per  day.  One  plant, 
equipped  with  one  No.  7  J  and  two  No.  4  McCully  crushers,  is  reported 
to  average  700  to  800  cubic  yards  per  day  of  stone  in  five  grades 
ranging  from  seven-eighths  inch  to  2  inches,  besides  screenings. 
Still  another  system  of  crushers  in  use  is  the  Austin.  At  a  plant 
equipped  with  one  Austin  No.  7,  one  Austin  No.  4,  one  Gates  No.  3 
crusher  and  two  screens,  the  capacity  per  day  is  reported  to  be  300 
yards. 

AVAILABLE   LIMESTONE. 

The  reserves  of  Niagara  limestone  in  the  Chicago  district  suitable 
for  crushing  into  concrete  material  are  practically  inexhaustible. 
The  supply  in  those  city  quarries  that  are  hemmed  in  by  streets  and 
buildings  is  of  course  limited  because  city  values  will  prevent  areal 
enlargement  of  the  pits,  and  they  must  be  sunk  deeper  and  deeper 
until  they  reach  the  limit  of  depth  beyond  which  it  is  impracticable 
to  raise  rock,  or  until  they  reach  the  underlying  shale.  It  is  thought 
that  the  deepest  quarries  still  have  more  than  100  feet  of  stone  below 
their  lowest  levels,  so  that  their  continuation  is  mainly  a  question  of 
costs,  and  in  such  quarries  sUghtly  increased  costs  of  working  are 
offset  by  central  location  and  consequent  decrease  of  cost  of  delivery  to 
consumers. 

In  the  discussion  of  the  Niagara  formation  the  distribution  of  avail- 
able material  has  been  outlined  in  connection  with  the  description  of 
working  quarries.  The  main  areas  are  shown  on  the  map  (fig.  24). 
The  Desplaines  Valley  will  probably  always  continue  to  furnish  the 
greater  supply  of  crushed  stone,  although  there  is  room  for  much 
more  excavation  at  Stony  Island,  Blue  Island,  Thornton,  Lagrange, 
Naperville,  and  at  points  on  Fox  River. 

Sanitary  and  ship  canal  spoil  hank, — The  broken  stone  piled  along 
the  rock-cut  portion  of  the  sanitary  and  ship  canal  constitutes  an  im- 
portant stock  of  material  that  is  available  without  having  to  be  quar- 
ried. Tests  of  this  material  made  by  the  Chicago  city  engineering 
department  show  that  although  the  rock  tested  was  necessarily  taken 
from  the  outside,  or  weathered  portion  of  the  spoil  bank,  the  char- 
acter still  remains  good,  and  it  must  reasonably  be  expected  that  on 
the  inside  of  the  pile  also  it  should  be  sound.  (See  page  389.)  From 
Willow  Springs  to  Lockport,  a  distance  of  15  miles,  the  channel  is  cut 
through  rock.  It  is  160  feet  wide  at  the  bottom  and  162  feet  wide  at 
water  line,  and  the  depth  in  this  section  averages  35  feet.  The  grade 
of  the  channel  is  3J  inches  to  the  mile.  The  walls  in  the  rock  cut, 
having  been  cut  by  channeUng  machines,  are  smooth  and  perpendicular, 
with  offsets.     The  total  amount  of  solid  rock  that  has  been  excavated 


o  The  cubic  yard  is  regarded  as  equivalent  to  1^  short  tons. 
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is  estimated  by  the  engineers  of  the  sanitary  district  to  aggregate 
12,912,000  cubic  yards.  When  broken  up  by  blasting  and  piled  in 
miniature  mountain  masses  along  the  borders  of  the  channel,  the  cubic 
contents  of  the  material  was  largely  increased.  After  nearly  eight 
years  of  construction  work,  water  was  turned  into  the  canal  January 
2, 1900,  and  for  several  years  afterwards  these  mountains  of  stone  piled 
along  the  right  of  way  were  regarded  simply  as  an  incumbrance.  Re- 
cently it  has  been  planned  by  the  sanitary  district  board  of  trustees 
to  turn  this  incumbrance  into  an  asset  by  selling  the  broken  rock  to 
parties  who  will  erect  crushers  and  convert  it  into  stone  for  concrete, 
paving,  etc. 

The  board  has  estimated  that  there  are  about  20,000,000  cubic 
yards  of  stone  in  these  piles — material  enough  to  construct  concrete 
docks  from  the  mouth  of  Chicago  River  throughout  the  length  of  the 
canal,  Desplaines  and  Illinois  rivers  to  St.  Louis,  following  the  course 
of  the  proposed  inland  deep  waterway,  or  else  the  material  could  be 
used  to  construct  a  chain  ofgconcrete  factory  buildings  and  warehouses 
from  Robey  street,  Chicago,  where  the  canal  begins,  to  Joliet,  40 
miles  inland.  The  price  basis  on  which  the  rock  is  to  be  disposed  of 
by  the  sanitary  district  is  lOi  cents  a  yard  and  a  portion  of  the  net 
profits.*  A  beginning  has  already  been  made  toward  utilizing  this 
spoil-bank  stone.  As  mentioned  on  page  389,  the  Western  Stone 
Company  is  operating  two  crushers  near  the  coimty  line  west  of 
Lemont,  and  east  of  Lemont  the  broken  stone  is  .being  removed  from 
the  bank  by  steam  shovel  and  shipped,  without  crushing,  via  barges 
on  the  canal  to  the  lake  front  at  Lincoln  Park,  Chicago,  where  it  is 
used  for  riprap.  This  rock  compares  favorably  in  quality  with 
freshly  quarried  limestone. 

Importance  to  proposed  deep  waterway, — All  the  available  rock,  both 
in  the  spoil  bank  and  in  place  in  the  Desplaines  Valley,  is  adjacent  to 
rail  and  water  transportation  facilities  and  can  be  cheaply  handled. 
These  facts,  in  connection  with  the  almost  limitless  reserves  of  high- 
quality  stone,  are  not  only  of  importance  in  assuring  to  Chicago  a 
plentiful  supply  of  stone  for  crushing,  but  they  have  an  important 
bearing  on  the  economical  construction  of  the  proposed  deep  waterway 
from  the  Lakes  to  the  Gulf.  It  must  be  remembered  that  for  most  of 
its  length  Illinois  River,  along  which  much  concrete  work  would  bo 
necessary,  flows  through  the  coal-measure  area,  cutting  into  soft  shale 
and  sandstone  and  exposing  few  limestone  beds  thick  enough  to  quarry 
until  the  area  of  Mississippian  rocks  is  reached,  near  its  mouth.  There- 
fore supplies  of  crushed  stone. for  concrete  work  would  have  to  be 
obtained  at  the  extremities  of  this  inland  waterway,  and  the  Chicago 
end  may  be  said  to  be  well  prepared  to  furnish  the  larger  share  of  the 
needed  material. 


a  From  an  industriul  pamphlet  issued  by  the  sanitary  district  of  Chicago,  1907. 
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GLACIAL  SAND  AND   GRAVEL  (OUTWASH   AND   MORAINE 

MATERIALS). 

CHARACTER   AND  DISTRIBUTION. 

Another  source  of  concrete  materials  in  the  Chicago  disljrict  may  be 
found  in  the  sand  and  gravel  of  glacial  origin,  derived  mainly  from  the 
drift  of  Wisconsin  age.  The  deposits  here  considered  he  mainly  within 
the  morainal  areas,  but  the  character  of  many  of  the  deposits  is  that  of 
outwash  material — that  is,  nearly  clay-free,  stratified  gravel  and  sand, 
as  distinguished  from  the  morainal  material,  which  is  composed  of  clay, 
bowlders,  and  sand  mingled  in  a  confused  mass.  While  the  moraines 
of  the  Wisconsin  drift  sheet  in  northeastern  Illinois  and  southeastern 
Wisconsin  were  being  formed,  there  were  streams  of  water  issuing  from 
the  ice  sheet  and  escaping  to  Mississippi  River  by  way  of  Rock  River 
and  the  tributaries  of  Illinois  River,  the  Fox,  Dupage,  Desplaines,  and 
Kankakee.  These  streams  became  overburdened  with  sand,  gravel, 
and  silt  derived  from  the  glaciers,  and  as  a  result  filled  up  their  beds 
and  valley  bottoms  to  a  greater  or  less  extent.  In  soma  places  they 
spread  out  the  detritus  in  terraces,  or  subsequently  cut  a  new  channel 
through  the  filled-up  valley,  leaving  residual  terraces  on  the  valley 
sides. 

The  principal  deposits  of  this  type  which  are  of  economic  importance 
in  the  Chicago  district  are  situated,  as  shown  on  the  map  (fig.  24), 
along  Fox  River  between  Camp  Lake,  Wis.,  and  St.  Charles,  111.; 
on  Desplaines  River  at  Libertyville  and  at  and  below  JoHet,  and  on 
Long  Run,  Spring  Creek,  and  Hickory  Creek,  small  eastern  tributaries 
of  Desplaines  River  near  Joliet.  Beyond  the  area  of  the  map,  in  the 
valley  of  Rock  River,  outwash  deposits  are  exploited  for  the  Chicago 
market  at  Janesville,  Wis.,  and  in  Winnebago  County,  111.,  1  mile 
south  of  Beloit,  Wis.  Besides  these  outwash  deposits  there  is  a  thick 
deposit  of  morainal  gravel  being  worked  at  Fontana,  at  the  west  end 
of  Lake  Geneva, Wis. 

The  important  Fox  River  sand  and  gravel  deposits  in  Illineis  are 
near  Cary,  Algonquin,  Carpentersville,  Elgin,  and  St.  Charles,  and 
the  general  characteristics  of  the  deposits  being  worked  may  be 
indicated  by  descriptions  of  a  few  typical  workings.  At  Cary  the 
deposits  form  a  terrace  on  the  north  side  of  the  river  both  east  and 
west  of  the  Chicago  and  Northwestern  Railway,  and  are  worked  by 
the  railway  and  the  Lake  Shore  Sand  Company.  East  of  the  railway 
the  Lake  Shore  Sand  Company  has  opened  a  face  nearly  one-half 
mile  long.  The  present  workings  are  at  the  northwest  end  of  the 
face  and  disclose  a  bank  about  40  feet  high.  The  material  ranges 
from  fine  quartz  sand  to  bowlders,  a  few  of  which  are  18  inches  in 
diameter  or  larger.     The  bank  is  reported  to  average  75  per  cent 
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sand  and  25  per  cent  gravel,  including  everything  larger  than  torpedo 
sand.  The  upper  25  feet  of  the  bank  carries  more  gravel  than  that 
below,  and  in  the  middle  third  is  foimd  the  coarsest  gravel.  There 
are  a  few  ledges  of  partly  consolidated  gravel  conglomerate,  and 
locally  near  the  base  of  the  cut  is  4  to  6  feet  of  sand  that  has  been 
indurated  by  a  dark  ferruginous  cement,  forming  a  sandstone. 
Such  hardened  crusts  of  sand  and  gravel  are  termed  by  the  quarry- 
men  ^'hardpan"  and  this  material  has  to  be  discarded,  as  the  pit  is 
worked  by  steam  shovel  and  the  hardpan  ledges  can  not  be  cut  by 
the  shovel  nor  economically  broken  by  blasting.  West  of  the  Chi- 
cago and  Northwestern  Railway  the  Lake  Shore  Sand  Company  is 
working  a  pit  about  75  feet  deep,  below  which  water  and  quicksand 
are  encountered.  The  material  here  runs  irregularly  as  to  its  content 
of  sand  and  gravel,  but  will  probably  yield  a  higher  percentage  of 
sand  than  the  bank  east  of  the  railway.  The  middle  third  (verti- 
cally) will  probably  yield  75  per  cent  of  sand,  the  upper  part  a  little 
less,  and  the  lowey  part  a  great  deal  more.  The  character  of  the 
material  varies  greatly  from  place  to  place,  lenses  or  pockets  of  sand 
and  gravel  occurring  without  apparent  system.  For  instance,  on 
the  southeast  side  of  the  present  pit  there  is  a  bed  of  fine  sand,  ex- 
tending 30  to  40  feet  above  the  bottom,  whereas  on  the  opposite  side 
of  the  pit  alternate  layers  of  gravel  and  sand  extend  down  within  10 
or  15  feet  of  the  base.  At  this  cut  there  is  apparently  no  "hardpan" 
present,  a  fact  which  also  illustrates  the  variability  of  the  local 
deposits. 

For  2i  miles  north  of  Algonquin  sand  and  gravel  are  found  on  the 
sides  of  the  small  valley  through  which  the  Chicago  and  North- 
western Railway  passes.  Northward  toward  Crystal  Lake  the 
deposits  of  sand  and  gravel  are  reported  to  grow  thinner.  The 
deposits  at  present  worked  form  the  shoulder  or  border  of  the  upland 
lying  between  this  small  valley  and  Fox  River  to  the  east.  At  the 
bank  of  the  iEtna  Sand  and  Gravel  Company,  about  2  miles  north  of 
Algonquin,  the  heaviest  deposit  of  sand  and  gravel  is  about  50  feet 
thick,  with  2  to  4  feet  of  soil  above  and  reddish  clay  below.  This 
clay  floor  is  about  25  feet  above  the  creek  bed.  The  banks  worked 
here  are  from  20  to  40  feet  thick,  and  they  yield  on  an  average  about 
one-third  gravel  and  two-thirds  sand.  The  gravel  runs  rather  small 
and  contains  only  a  few  bowlders,  which  are  found  at  the  base  of  the 
deposit.  At  the  top  of  the  deposit  and  following  the  contour  of  its 
surface  is  a  bed  5  to  10  feet  thick  containing  an  equal  if  not  greater 
quantity  of  gravel  than  sand.  Below  this  the  gravel  and  sand  are 
interstratified  in  layers  from  a  few  inches  to  4  or  5  feet  thick,  and  also 
are  mixed  together.  Cross-bedding  is  seen  at  many  places  in  the 
section  and  some  beds  having  this  structure  are  so  firmly  consoli- 
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dated  by  a  calcareous  cement  as  to  form  hard  conglomerate  or  hard 
sandstone.  In  places  this  material  has  assumed  tubular  or  ''pipy" 
shapes.  Such  material  softens  with  exposure  but  does  not  disinte- 
grate entirely.  The  finest  sand  is  nearly  all  made  up  of  quartz  and 
other  crystalline  rock,  but  gives  some  effervescence  in  acid.  The 
coarse  sand  effervesces  more  freely,  showing  a  large  proportion  of 
calcareous  material.  A  carload  of  1-inch  gravel  showed  nearly  20 
per  cent  (roughly  estimated)  of  crystalline  pebbles,  the  remainder 
being  mainly  dolomite  with  some  chert. 

On  the  east  side  of  Fox  River,  1^  miles  below  Algonquin,  is  the 
pit  of  the  Richardson  Sand  Company.  The  bank  worked  here  is  in 
the  top  50  feet  of  the  range  of  hills  that  rise  150  feet  above  Fox 
River  at  this  place.  A  general  section  of  the  material  exposed  in  the 
cut  is  as  follows: 

General  section  at  Richardson  Sand  Company^s  pit  near  Algonquin, 

Feet. 

Soil,  dark  brown * 1-4 

Gravel  and  bowlders,  very  coarse,  in  places  IJ  to  2  feet  in  diameter .  10-12 
Gravel,  medium  sized,  with  a  small  proportion  of  coarse  material; 

partly  cemented  to  hard  conglomerate 9-12 

Gravel,  mediimi  sized  and  streaks  of  cross-bedded  sand 8-14 

Sand,  fine  grained  to  torpedo,  in  cross-bedded  lenses  with  pockets 

of  gravel 12-15 

Clay. 

This  deposit  contains  an  unusual  proportion  of  coarse  material^ 
some  of  the  bowlders  being  angular  slabs  of  Niagara  dolomite  so  thick 
as  to  show  more  than  one  stratum.  Many  of  the  large  bowlders  are 
of  crystalline  rock.  The  above  section  can  not  be  regarded  as  per- 
sistent, however,  for  the  variation  in  the  character  of  material  from 
point  to  point  is  very  abrupt.  The  yield  of  sand  and  gravel  is  about 
equal  in  quantity,  although  there  is  a  larger  proportion  of  sand  than 
gravel  in  the  bank.  This  is  due  to  the  fact  that  part  of  the  sand  is 
/too  fine  to  be  caught  by  present  methods  of  separation  and  is  conse- 
quently washed  away  with  clay  and  silt  to  the  settling  pond.  When 
stripped,  the  surface  of  this  gravel  is  almost  level. 

From  Carpentersville  to  Algonquin  on  the  east  side  of  Fox  River  de- 
posits of  sand  and  gravel  are  found  in  places,  but  not  continuously. 
For  much  of  the  distance  the  clay  which  underlies  the  gravel  rises 
high  and  lies  nearly  parallel  to  the  contour  of  the  hills,  so  that  the 
gravel  is  too  thin  to  be  profitably  worked.  On  the  west  side  of  Fox 
River  valley  there  are  also  high  bluffs,  largely  of  clay,  on  top  of 
which  sand  and  gravel  occur,  but  the  deposits  have  not  yet  been 
worked  because  of  lack  of  transportation  facilities  and  irregularity  in 
thickness  of  the  material,  and  because  the  present  demand  is  sup- 
plied from  deposits  more  advantageously  situated. 
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South  of  Elgin  there  are  sand  and  gravel  deposits  worked  on  the 
west  side  of  Fox  River  near  Coleman  and  1  mile  north  of  St.  Charley 
and  on  the  east  side  of  the  river  at  Hammond  and  1  i  miles  east  of 
Coleman. 

Near  Coleman,  between  the  Illinois  Central  Railroad  and  Fox  River, 
gravel  deposits  are  worked  by  the  Richardson  Sand  Company.  At 
this  pit  the  working  face  is  15  to  30  feet  thick,  although  the  clay 
which  underlies  the  deposits  has  so  uneven  a  surface  that  the  gravels 
thin  in  places  to  6  or  8  feet.  Overlying  the  sand  and  gravel  is  4  to  5 
feet  of  fine-grained  silt.  The  material  being  worked  yields  about  3 
parts  of  sand  to  1  part  of  gravel..  The  gravel  is  mainly  small  in  size, 
and  the  sand  is  rather  coarse,  mostly  a  torpedo  grade.  The  1-inch  to 
li-inch  gravel  appears  to  contain  10  to  15  per  cent  of  crystalline 
material,  and  the  finer  gravel  a  still  higher  percentage.  At  the  base  of 
the  deposit  are  many  rather  large  bowlders  of  dolomite  and  granite, 
2  to  3  feet  in  diameter.  The  sand  and  gravel  instead  of  occurring  in 
separate  strata  as  m  the  region  near  Algonquin,  are  rather  uniformly 
mixed  together,  and  no  "hardpan''  or  consolidated  conglomerate  was 
noted. 

East  of  the  river  and  south  of  the  Chicago,  Milwaukee  and  St.  Paul 
Railway  at  Hammond  is  the  pit  and  plant  of  the  Chicago  Gravel  Com- 
pany. The  sand-gravel  deposit  lies  upon  a  clay  floor  that  is  slightly 
uneven.  The  deposit  reaches  a  total  thickness  of  27  feet  in  places 
and  the  stripping  averages  about  2  feet.  A  few  bowlders  2  to  3  feet 
in  diameter  occur  at  the  base,  but  in  the  bank  the  gravel  is  unusually 
imiform  in  size,  rarely  running  into  large  cobblestones.  The  sand  is 
a  good  sharp  torpedo,  not  very  fine.  It  contains  a  small  proportion 
of  lime,  reported  to  be  about  2  per  cent.  The  proportion  of  sand  to 
gravel  in  the  bank  is  said  to  average  about  55  to  45.  No  conglom- 
erate nor  '^hardpan''  was  noted,  but  lenses  of  clay  were  foimd  to  occur 
in  the  bank.  One  of  these  noted  at  the  time  of  visit  was  6  feet  thick 
in  a  bank  22  feet  in  length.  Most  of  this  clay,  fine-grained  and  silt- 
like material,  can  be  kept  out  of  the  product  by  a  skillfully  manipulated 
steam  shovel,  although  some  of  it  is  certain  to  be  loaded  with  the  sand 
and  gravel  and  it  can  not  be  eliminated  entirely  in  the  washing.^ 

One  mile  north  of  St.  Charles,  on  the  west  side  of  Fox  River,  is  the 
pit  of  the  American  Sand  and  Gravel  Company.  The  deposits  here 
reach  a  thickness  of  35  feet.  Below  the  sand  and  gravel  water  is  en- 
countered in  quicksand,  before  the  imderlying  clay  is  reached.  The 
base  of  the  deposit  is  therefore  low,  not  far  above  the  level  of  Fox 
River  and  of  the  creek  to  the  south  of  the  pit.  Gravel  and  sand  in 
about  equal  parts  appear  to  constitute  the  bulk  of  the  material.  The 
gravel  ranges  from  small  to  coarse  sizes,  and  some  cobblestones  go  to 
the  crusher  in  nearly  every  yard  of  material  excavated. 

47076— Bull.  340—08 26 
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Notes  on  the  gravel  pits  along  Fox  River  would  not  be  complete 
without  mention  of  two  points  just  north  of  the  State  line  in  Kenosha 
County,  Wis.  At  Capp  Lake  are  some  abandoned  pits  owned  by  the 
Wisconsin  Central  Railway.  The  deposits  here  are  reported  to  have 
been  thoroughly  prospected,  but  to  have  proved  not  to  be  of  promis- 
ing thickness  nor  cleanness.  Below  2  to  3  feet  of  soil  there  lies  about 
5  feet  of  fairly  good  gravel  in  the  higher  parts  of  the  bank.  Below 
this  there  are  alternate  seams  of  clay  and  quicksand  containing  heavy 
bowlders.  Washing  and  crushing  would  therefore  be  involved  to  too 
great  an  extent  for  practical  purposes. 

Near  Wilmot,  Wis.,  is  a  pit  the  output  from  which  is  taken  by  the 
American  Sand  and  Gravel  Company.  The  pit  is  a  straight  cut  into 
a  terrace  of  Fox  River  and  shows  the  following  section: 

Section  of  gravel  pit  near  Wilmott  Wis. 

JToCv. 

1.  Soil 1-2 

2.  Gravel  and  sand.    The  gravel  is  clean  and  contains  about  15  per 

cent  of  crystalline  rock,   the  remainder  being  dolomite. 
About  15  per  cent  of  the  gravel  runs  larger  than  2  inches 8-14 

3.  Quicksand  and  silt,  very  fine-grained  material  containing  about 

60  per  cent  of  quartz,  the  balance  being  clay  minerals 14r-15 

4.  Gravel,  similar  to  the  upper  gravel  bed  (No.  2) 20 

5.  Sand,  fine  grained,  to  quicksand.    In  the  aggregate  this  bed  is 

coarser  than  bed  No.  3,  contains  a  higher  percentage  of  silica 

and  less  clay 15 

6.  Quicksand  and  water. 

The  beds  of  quicksand  inclosed  in  the  gravel  vary  in  thickness  and 
do  not  conform  in  contour  to  the  present  surface  of  the  terrace.  In 
general  they  appear  to  dip  toward  the  northeast  and  to  pinch  out  in 
various  directions  as  if  lens-shaped.  The  material  is  reported  to  be 
composed  of  the  various  grades  in  about  the  following  proportions: 

Proportions  of  sand  and  gravel  in  pit  at  Wilmot  j  Wis, 

Per  cent. 
Concrete  sizes,  one-half  inch  to  14  inches,  of  which  about  20  per  cent 

is  crushed  gravel 20 

Roofing  gravel,  one-eighth  inch  to  one-half  inch,  total 20 

Sand,  fine  grained,  with  a  small  proportion  of  torpedo  size.     It  is 
mostly  quartz  and  fairly  free  from  quicksand  and  clay 60 

100 

On  the  west  side  of  Desplaines  River  at  Libertyville  is  the  sand 
and  gravel  pit  of  the  Lake  Shore  Sand  Company.  The  deposits  seem 
to  be  mainly  west  of  the  river  in  this  vicinity  and  are  comparatively 
thin.  This  deposit  is  the  thickest  in  the  locality,  and  it  ranges  from 
5  or  6  to  25  feet  in  thickness  above  water  level.  Test  wells  are  re- 
ported by  the  operators  of  the  pit  to  show  20  feet  of  gravel  bdow 
water  level.     The  water  level  varies  1  to  2  feet  during  the  yesTi  and 
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the  cut  is  deeper  or  shallower  accordingly.  A  section  made  at  the 
southeast  end  of  the  cut,  where  material  was  being  obtained  October 
3, 1907,  is  as  follows: 

Section  of  sand  and  gravel  hank  at  lAbertyville. 

Feet. 

SoU 1-2       * 

Fine  sand,  loam,  and  a  little  gravel 0-4 

Clay  lens,  saucer-shaped  in  profile 0-1 

Gravel  and  torpedo  sand  in  alternate  beds,  IJ  to  2  feet  thick,  cross- 
bedding  common.  The  gravel  is  mostly  smaller  than  4  inches. 
The  proportion  of  sand  to  gravel  ranges  from  2  to  1  to  1  to  1,  but 

will  average  dose  to  1.5  to  1 1&-20 

Gravel,  sand,  and  water  (reported  20  feet  to  clay). 

The  usual  sizes  of  sand  and  gravel  are  produced  here  and  an  ad- 
ditional product  worttiy  of  note  is  the  unwashed  run-of-bank  sand 
and  gravel,  including  all  material  smaller  than  IJ  inches  that  is 
used  in  road  making.  It  is  stated  that  the  loam  present  exerts  a 
cementing  action  that  makes  the  material  of  value  as  a  bond  when 
laid  in  alternate  layers  with  crushed  stone  in  macadamizing  roads. 
Unsuccessful  efforts  have  been  made  to  pump  the  sand  and  gravel  that 
lie  below  water  level,  the  result  being  that  the  pumps  were  soon 
choked  by  the  gravel.  It  is  proposed  to  attempt  at  some  future  time 
the  dredging  of  these  deposits.  It  would  seem  worth  while  to  utilize 
these  submerged  materials,  as  the  visible  supply  of  gravel  above 
water  level  is  diminishing  rapidly  in  this  locality. 

Farther  down  the  Desplaines  Valley  deposits  of  sand,  gravel,  and 
bowlders  are  scattered  at  irregular  intervals  and  many  of  these  are 
worked  from  time  to  time  in  a  small  way  for  local  purposes.  One 
such  deposit  is  about  a  mile  north  of  Willow  Springs.  The  main 
deposits,  those  that  are  at  present  affording  material  sufficient  for 
the  operation  of  crushing  plants,  are  at  and  below  Joliet.  Hickory 
and  Spring  creeks  have  built  up  deposits  of  gravel  in  their  valleys  and 
in  the  Desplaines  Valley  near  the  junction  of  the  two  creeks. 

On  East  Washington  street,  Joliet,  the  Chicago  Gravel  Company 
operates  a  pit  and  crusher.  The  deposit  varies  greatly  from  place  to 
place. 

The  gravel  and  sand  are  cross-bedded  in  places.  The  clay  con- 
tent of  the  gravel  averages  about  20  per  cent.  The  gravel  consists 
mostly  of  dolomite,  with  a  few  crystalline  pebbles.  In  places  the 
material  is  hardened  by  calcareous  cement  to  a  conglomerate.  The 
sand  is  fine  to  coarse  grained  and  of  dark  color.  It  contains  com- 
paratively a  high  percentage  of  limestone  and  dolomite  grains  and 
of  clay,  with  relatively  a  low  proportion  of  silica. 

The  clay  seams  thin  out  to  the  north  and  the  south.  Characteris- 
tics of  the  bank  on  the  east  side  of  the  pit  are  that  no  beds  of  fine  sand 
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appear  in  the  section  and  that  the  gravels  are  more  even  bedded 
thL  elsewhe.^  in  the  pit.   .  . 

Another  plant  of  the  Chicago  Gravel  Company  is  on  the  east  side 
of  the  valley  about  H  miles  above  Millsdale,  adjacent  to  the  Santa 
Fe  and  Chicago  and  Alton  railways.  The  deposit  worked  here  is  in 
the  form  of  a  terrace  or  bar  in  the  Desplaines  Valley  and  consists  of 
material  ranging  from  sand  and  loam  to  bowlders  2  feet  in  diameter. 
The  bottom  of  the  cut  is  in  gravel,  but  reaches  ground-water  level, 
which  is  practically  at  the  level  of  the  water  in  the-  river  and  fluctu- 
ates with  it.  The  deposit  is  about  10  feet  thick  on  one  side  of 
the  cut  and  20  feet  thick  on  the  other.  The  gravel  and  bowlders 
are  composed  principally  of  hard  dolomite,  but  about  5  per  cent  of 
crystalline  material  is  present.  The  loam  and  sand  are  highly  cal- 
careous.  The  sand  and  gravel  deposits  in  this  vicinity  and  south- 
ward  to  the  mouth  of  the  Dupage  are  extensive,  and  thus  far  have 
been  only  very  slightly  utilized. 

Certain  important  deposits  of  sand  and  gravel  which,  although  at 
considerable  distance  from  Chicago,  are  so  directly  connected  by  rail- 
roads with  the  city  that  they  are  worked  to  advantage  should  be 
mentioned  in  these  notes.  Such  locaUties  are  in  southeastern  Wis- 
consin, at  Fontana,  Janesville,  and  Beloit. 

At  Fontana,  at  the  west  end  of  Lake  Geneva,  the  Lake  Geneva 
Gravel  and  Sand  Company  is  exploiting  a  thick  gravel  bank.  The 
deposit  is  part  of  the  Darien  moraine  of  the  Delavan  lobe  of  the  Lake 
Michigan  glacier,  according  to  Alden.**  The  maximum  thickness  of 
the  cut  is  about  90  feet.  Two  or  three  feet  of  soil  is  stripped  from 
the  top  by  means  of  scrapers.  A  general  section  shown  by  the  cut 
is  as  follows: 

General  section  of  gravel  pit  at  Fontana^  Wis, 

Feet. 

Soil  with  a  few  large  bowlders  at  base ". 2-4 

Clayey,  loamy,  fine  sand,  of  brownish  color,  containing  a  little 

gravel 6-7 

Coarse,  cobblestone  gravel 20 

Sand,  thin  ledge 1-3 

Gravel,  rather  coarse,  with  some  sand,  mainly  concealed  by  tains 

to  bottom  of  cut 30-60 

The  gravel  runs  unusually  large,  as  compared  with  the  Fox  River 
and  Rock  River  deposits.  In  the  larger  gravel  there  is  a  fairly  large 
proportion,  perhaps  15  per  cent,  of  crystalline  rocks,  many  of  which 
are  dark  colored.  The  remainder  of  the  gravel  is  mostly  dolomite  and 
limestone,  largely  of  Niagara  age.  The  proportion  of  gravel  to  sand 
is  reported  by  the  operators  of  the  pit  to  run  about  3  to  2,  and  in 
places  a  still  higher  proportion  of  gravel  is  found.  At  the  west  end  of 
the  pit  there  is  considerable  firmly  cemented  conglomerate. 

aAiden,  W.  C,  The  Delavan  lobe  of  the  Lake  Michigan  glacier:  Prof.  Paper  U.  S.  Gtool.  Sorvigr 
No.  34, 1905,  Ph.  IV,  V,  and  X. 
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There  are  apparently  similar  deposits  still  undeveloped  in  many  of 
the  hills  at  the  west  end  of  Lake  Geneva,  although  none  are  so  easily 
accessible  as  the  bank  just  described. 

Near  Janesville,  Wis.,  the  outwash  deposits  of  Rock  River  .valley 
and  tributary  valleys  are  worked  for  sand  and  gravel.  On  South 
Main  street,  about  1  mile  southeast  of  the  middle  of  Janesville,  a  sand 
and  gravel  bank  is  exploited  for  the  manufacture  of  sand-lime  brick, 
cement  shingles,  and  concrete  blocks  and  posts.  The  face  of  the 
bank  is  about  25  feet  iti  height.  The  upper  8  to  10  feet  carries  sand 
and  gravel  in  the  proportion  of  about  5  to  3,  but  below  this  the  ratio 
increases  to  about  10  to  1.  The  gravel  is  small,  few  of  the  pebbles 
exceeding  3  or  4  inches  in  diameter.  The  material  is  very  clean,  and 
the  sand  is  rather  fine  and  composed  almost  entirely  of  quartz. 

On  the  line  of  the  Chicago,  Milwaukee  and  St.  Paul  Railw^^y,  about 
2J  miles  east  of  Janesville,  is  a  sand  and  gravel  bank  worked  by  the 
Knickerbocker  Ice  Company.  The  face  of  the  bank  is  50  to  70  feet 
in  height.  The.  material  consists  of  small,  clean  gravel  and  clean 
quartz  sand,  much  of  which  is  of  rather  fine  grain.  The  upper  half 
of  the  bank  is  reported  to  carry  sand  and  gravel  in  about  equal  quan- 
tities, but  in  the  lower  part  sand  predominates  in  the  ratio 'of  about 
5  to  2.  The  sand  occurs  in  beds  of  fine  to  torpedo  size  and  in  beds 
with  gravel;  and  at  the  bottom  is  a  sand  bed  probably  25  feet  thick, 
only  12  feet  of  which  is  utilized,  as  the  material  is  a  little  too  fine  for 
torpedo  size.  The  normal  stripping  is  2  to  4  feet,  but  in  ravines  that 
cut  down  into  the  deposit  it  will  run  as  thick  as  10  feet.  The  gravel 
rarely  runs  larger  than  3  or  4  inches  and  yields  concrete  gravel  con- 
taining 50  per  cent  or  more  of  crushed  rock.  The  product  goes 
mainly  to  Chicago  markets. 

About  1  mile  south  of  Beloit,  Wis.,  in  Winnebago  County,  111., 
is  situated  the  sand  and  gravel  bank  of  the  Attwood-Davis  Com- 
pany. This  bank  is  on  the  east  side  of  the  Chicago  and  North- 
western Railway  main  line  and  is  in  the  Rock  River  valley.  The 
cut  extends  about  one-third  of  a  mile  from  north  to  south  and  is 
about  35  feet  in  height.  The  gravel  is  overlain  by  IJ  to  2  feet  of 
black  soil  at  the  north,  but  to  the  south  and  east  there  is  a  bed  of 
fine  sand,  6  to  12  feet  thick  between  the  gravel  and  the  top  soil. 
This  bed  of  sand  forms  a  low  ridge  and  also  fills  a  shallow  depression 
in  the  surface  of  the  deposit.  It  is  troublesome,  as  the  sand  is  too 
fine  for  torpedo  size  and  does  not  contain  sufficient  clay,  except  in 
small  pockets,  to  make  a  molding  sand.  Below  this,  gravel  and 
gravelly  sand  alternate  in  layers  2  to  3  feet  thick.  The  gravel  ranges 
in  size  from  small  to  medium,  4-inch  pebbles  being  about  the  largest. 
About  15  per  cent  of  foreign  crystalline  material  is  present  in  the 
gravel.  The  cut  is  worked  to  the  level  of  the  imderflow  in  the  valley, 
but  sand  and  gravel  are  reported  to  extend  at  least  50  feet  farther 
down,  as  determined  by  a  well  point.     The  average  run  of  the  bank, 
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as  reported  by  the  superintendent  of  the  pit,  is  about  3  parts  of  sand 
to  2  of  gravel.  About  40  per  cent  of  the  concrete  sizes  produced 
consist  of  crushed  gravel. 

Besides  the  sand  and  gravel  pits  here  noted,  there  are  many  small 
pits  scattered  here  and  there  in  the  suburbs  of  Chicago  worked  by 
pick  and  shovel,  with  wagon  haulage,  to  supply  local  needs.  Many 
of  these  pits  are  in  the  extinct  beaches  of  Lake  Michigan,  several 
miles  from  the  present  shore  line.  The  location  of  these  old  beaches 
is  shown  in  the  areal  geology  maps  of  the  Chicago  geologic  folio. 

GENERAL  METHODS  OF  PREPARATION  OF  SAND  AND  GRAVEL. 

The  preparation  of  cleaned  sand  and  gravel  begins  with  its  ex- 
cavation from  pit  or  bank,  and  involves  moving  from  pit  to  mill, 
screening  to  separate  the  sand  and  smaller  gravel,  crushing  to  reduce 
the  small  bowlders  and  gravel  larger  than  IJ  or  2  inches  in  diameter, 
and  washing  to  free  the  material  of  silt,  clay,  organic  matter,  and 
resultant  discoloration.  The  method  of  handling  the  material  de- 
pends somewhat  on  local  conditions. 

On  reaching  the  crushing  plant  the  gravel  is  screened  under  a 
stream  of  water.  A  set  of  sci*eens  usually  comprises  screens  having 
some  or  all  of  the  following  sizes  of  perforations:  2-inch,  IJ-inch, 
1-inch,  J-inch,  f-inch,  and  i-inch.  They  are  of  both  rotating  and 
stationary  types. 

After  the  gravel  and  sand  have  been  sorted  by  screening,  crush- 
ing, and  washing,  into  the  required  sizes,  the  material  is  stored  in 
bins  which  are  readily  emptied  through  spouts  by  gravity  into  cars 
on  a  convenient  siding.  By  discharging  two  or  more  bins  at  once 
into  the  same  car,  and  by  regulating  the  rate  of  flow  of  sand  and 
differently  sized  gravel,  a  mixture  containing  these  materials  in 
almost  any  desired  proportion  can  be  obtaiaed,  as,  for  instance,  a 
mixture  that  will  be  suitable  for  concrete  on  the  addition  of  the 
required  quantity  of  Portland  cement.  During  the  winter  months, 
when  freezing  interferes  with  washing  operations,  dry  screens  are  used, 
when  needed,  at  several  plants  in  the  district. 

At  the  majority  of  plants  in  the  district  materials  are  separated 
into  sizes  about  as  follows:  Torpedo  sand  (grains  that  pass  f-inch 
sieve),  roofing  gravel  (passing  J-inch  but  not  f-inch),  and  concrete 
gravel  (passing  1  i-inch  but  not  i-iQch).  There  is  some  variation 
from  these  sizes,  of  course,  and  larger  sizes  than  1  J-inch  are  produced. 
The  proportion  of  gravel  of  concrete  size,  which  is  sharp  and  angu- 
lar as  a  result  of  crushing,  depends  on  the  coarseness  of  the  deposit. 
Where  the  percentage  of  gravel  in  the  bank  is  high  and  a  large  pro- 
portion of  it  is  more  than  1 J  inches  in  diameter,  the  proportion  of 
crushed  stone  in  the  product  is  of  course  relatively  high,  and  has 
been  known  to  reach  60  per  cent. 
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An  interesting  use  to  which  the  coarser  gravel  is  put  is  as  a  flux 
in  iron  melting  at  Carpentersville,  111.,  and  this  is  possible  because 
of  the  large  percentage  of  dolomite  pebbles  in  the  gravel. 

An  important  factor  in  the  sand  and  gravel  business  is  an  ade- 
quate supply  of  water.  Some  plants  are  situated  so  close  to  Fox 
or  Desplaines  River  that  they  may  obtain  water  by  pumping  directly 
from  the  stream.  Others  reach  an  underflow  at  the  base  of  the 
pit,  or  the  base  of  the  pit  may  be  determined  by  water-saturated 
sand  and  gravel,  and  in  such  places  an  abundance  of  water  may  be 
obtained  by  driving  pipes  a  few  feet  into  the  water-bearing  gravel 
and  pumping  therefrom.  Less  advantageously  situated  with  re- 
spect to  water  supply  are  those  banks  that  are  remote  from  a  stream 
or  high  on  the  valley  rims,  but  usually  in  this  well-watered  country 
sufiicient  water  may  be  caught  in  reservoirs  so  constructed  as  to  re- 
ceive the  run-off  from  some  gully  or  wet-weather  stream,  or  such  a 
reservoir  may  be  partly  supplied  by  piunping  or  by  utilizing  the  flow 
of  a  small  spring.  Where  conservation  of  water  is  necessary,  settling 
basins  must  be  constructed,  and  space  must  be  provided  for  them. 
Water  thus  used  over  and  over  again  can  be  kept  fairly  clean,  but  is 
hardly  as  desirable  as  a  copious  supply  obtained  from  wells  or  from 
a  clear,  flowing  stream  such  as  Fox  River. 

AVAILABLE  SAND  AND  GRAVEL. 

In  the  foregoing  portion  of  the  text  suggestions  have  been  given  as 
to  possible  extensions  of  workings  along  Fox  and  Desplaines  rivers. 
In  review  it  may  be  said  that  in  the  valley  of  Fox  River,  from  the 
southern  part  of  Kenosha  County,  Wis.,  to  Geneva,  111.,  and  perhaps 
farther  south,  there  are  many  unworked  deposits  of  sand  and  gravel. 
A  large  part  of  the  moraines  and  outwash  deposits  left  by  the  melting 
of  the  glaciers  in  southeastern  Wisconsin  is  made  up  of  sand  and 
gravel.  The  character  of  these  extensive  deposits  has  been  discussed 
in  detail  by  WilUam  C.  Alden.®  Their  distribution  is  shown  on  the 
maps  accompanying  his  report.  There  are  vast  amounts  of  sand  and 
gravel  yet  to  be  utilized  in  the  tracts  indicated.  These  deposits,  es- 
pecially the  moraines,  vary  greatly  in  character,  however,  from  point 
to  point,  and  much  of  the  material  is  not  now  readily  accessible  for 
transportation.  In  the  Desplaines  Valley  the  best  deposits  are  found 
between  Joliet  and  the  mouth  of  Desplaines  River.  Proved  but  un- 
developed deposits  occur  in  the  areas  shown  on  the  map  forming  fig.  24 
(p.  384),  but  owing  to  its  necessarily  small  scale  it  has  been  impossible 
to  show  locations  in  the  desired  detail.  On  account  of  the  irregularities 
in  deposition  which  are  common  to  glacial  material,  more  particularly 
to  morainal  deposits  than  to  outwash  gravels,  although  somewhat 
characteristic  of  the  latter,  it  is  essential  that  thorough  prospecting  be 

a  The  Delavan  lobo  of  the  Lake  Michigan  glacier:  Prof.  Paper  U.  S.  Qeol.  Survey  No.  34, 1905. 
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done  before  arrangements  are  begun  to  work  a  pit  or  bank  on  a  large 
scale.  A  common  method  of  prospecting  a  tract  is  to  sink  a  number 
of  test  wells  3  to  5  feet  in  diameter  and  as  deep  as  desired  in  order  to 
determine  the  thickness  of  cover,  proportion  of  gravel  to  sand,  size  and 
character  of  gravel,  whether  or  not  any  clay  or  '^  hardpan ''  is  present, 
whether  or  not  the  materials  are  mixed  or  stratified,  at  what  depth 
water  is  encountered,  total  thickness  of  deposit,  and  all  such  factors  as 
have  a  bearing  on  the  economical  development  of  the  deposit.  In 
many  places  such  test  wells  have  to  be  curbed  by  planks  to  prevent  the 
loose  wall  material  from  caving  in,  and  often  it  is  impossible  to  re- 
move the  planks  from  the  well,  so  strong  is  the  compression  exerted  by 
the  deposit.. 

LAKE  SHORE  DEPOSITS. 
AVAILABLE   MATERIAL. 

Fine-grained  sand  occurs  in  inexhaustible  quantity  on  the  present 
beach  of  Lake  Michigan,  and  in  places  there  is  more  or  less  coarse  sand 
and  gravel  mixed  with  it.  As  a  source  of  supply  for  concrete  material, 
however,  these  deposits  are  not  now  of  great  importance,  for  the  follow- 
ing reasons:  The  sand  is  mostly  of  finer  grain  than  torpedo  sand, 
which  is  most  desirable;  the  material  requires  special  methods  for  the 
separation  of  sand  and  gravel;  the  deposits  are  constantly  shifting 
with  shore  currents;  and  the  occupancy  of  the  lake  front  by  docks, 
railroads,  parks,  boulevards,  and  private  grounds  has  made  much  of 
the  beach  unavailable  or  too  valuable  to  be  exploited  for  sand  and 
gravel. 

At  the  south  end  of  the  lake,  in  Indiana,  sand  dimes  have  furnished 
much  of  the  filling  used  in  track  elevation,  and  this  area,  together 
with  a  few  others  temporarily  worked  south  and  north  of  Chicago,  is 
still  furnishing  supplies  of  sand  for  local  use,  chiefly  for  lime  mortars 
and  plaster. 

METHOD   OF   OBTAINING   AND   PREPARATION. 

At  Waukegan  sand  and  gravel  are  obtained  in  a  unique  manner 
from  the  beach  deposit.  The  Waukegan  Sand  and  Gravel  Company 
was  operating  in  August,  1907,  a  sand  pump  or  *'sand  sucker''  in  a 
shallow  lagoon  between  the  Ludington  Salt  Company's  docks  and  a 
spit  occupied  by  the  Elgin,  Joliet  and  Eastern  Railroad.  The  outfit 
consists  of  a  centrifugal  pump  having  a  6-inch  intake  and  a  7-inch 
outlet  pipe.  The  pump  is  driven  by  a  20-horsepower  engine,  and 
the  whole  apparatus  is  floated  on  a  covered  barge.  Water,  sand,  and 
gravel  as  large  as  SJ-inch  are  together  pumped  from  the  bottom  of 
the  lagoon,  and  are  discharged  through  a  pipe  of  v.ariable  length  into 
screens  and  thence  into  cars.     It  is  possible  to  pump  material  from  as 
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great  a  depth  as  20  feet,  and  to  carry  the  delivery  pipe  to  cars  at  least 
600  feet  distant,  provided  a  slight  fall  is  given  the  pipe.  Gravel  larger 
than  3i-inch  is  excluded  by  a  screen  over  the  mouth  of  the  intake. 
Occasionally  the  gravel  that  passes  into  the  pump  clogs  it  and  makes 
trouble.  It  is  reported  that  the  capacity  of  such  a  plant  is  about  10 
to  35  yards  per  day  of  ten  hours. 

The  character  of  the  deposits  worked  near  Waukegan  varies  from 
place  to  place  and  also  from  season  to  season.  Some  deposits  have 
been  foimd  to  yield  only  2  to  4  per  cent  of  gravel,  whereas  others  have 
yielded  33J  per  cent.  The  material  being  raised  at  Waukegan  was 
clean  and  of  good  quality.  The  gravel  was  composed  principally  of 
dolomite,  granite,  dark  crystalline  pebbles,  quartz,  and  chert.  This 
material  is  used  locally  for  the  most  part,  although  it  is  occasionally 
bought  by  Chicago  dealers  when  an  extra-clean  gravel  is  required. 

TESTS  OF  MATERIAIiS. 

In  a  separate  bulletin  which  is  in  .preparation  describing  in  greater 
detail  the  sources  and  character  of  the  concrete  materials  produced  in 
the  Chicago  district,  it  is  expected  to  publish  the  results  of  official 
tests  made  on  these  materials  at  the  structural-materials  laboratories 
of  the  Survey  at  St.  Louis.     • 

In  the  office  of  the  city  engineer  of  Chicago  there  is  available  an  in- 
structive set  of  results  of  tests,  mostly  of  the  Niagara  limestone,  made 
by  the  testing  division  of  the  bureau  of  engineering  of  that  city. 
These  tests  were  made  on  a  uniform  basis,  and  afford  valuable  data 
(a)  for  comparison  of  the  various  samples  o£rock  with  each  other;  (6) 
for  comparison  of  broken  stone  taken  from  the  spoil  bank  of  the  sani- 
tary and  ship  canal  with  freshly  quarried  material;  (c)  for  compari- 
son of  gravel  concrete  with  concrete  containing  crushed  stone;  and 
(d)  for  general  information  as  to  the  strength  and  wearing  power  of 
the  limestone. 

The  sampling  and  testing  of  the  materials  were  carried  on  under  the 
immediate  supervision  of  P.  C.  McArdle,  city  engineer  of  tests.  Sam- 
ples were  taken  from  31  localities,  14  of  which  were  along  the  spoil 
bank,  of  the  sanitary  and  ship  canal  between  Willow  Springs  and 
Lockport,  and  the  remainder  were  from  the  various  quarries  deliver- 
ing crushed  stone  and  gravel  to  the  Chicago  market. 

An  analysis  of  the  results  of  these  tests  shows  that  the  average  com- 
pressive strength  on  6-inch  concrete  cubes  of  three  spoil-bank  samples 
of  limestone  is  66,444  pounds  (1,846  pounds  per  square  inch),  whereas 
the  average  strength  of  the  17  quarry  samples  of  limestone  is  64,684 
pounds  (1,763  pounds  per  square  inch).  In  the  compressive  test  on 
limestone  blocks  1  inch  by  1  inch  by  IJ  inches  the  average  strength 
with  14  spoil-bank  samples  is  11,834  pounds;  that  with  the  17  quarry 
samples  is  12,397  pounds.     Similarly,  in  abrasion  tests,  the  average 
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loss  of  weight  in  14  spoil-bank  samples  is  21  per  cent;  in  the  17 
quarry  samples,  19.57  per  cent. 

Tests  were  also  made  on  two  cubes  of  crushed-gravel  concrete,  in 
one  of  which  the  gravel  was  of  large  size  and  in  the  other  of  small 
size.  The  results  with  the  large  gravel  concrete  were  among  the 
highest  of  all  the  tests  made;  the  other  cube  showed  a  good  average 
result. 

The  opinion  of  the  city  engineer  of  tests,  based  on  these  results 
and  on  several  years  of  field  experience  in  canal  construction  work, 
is  that  the  rock  taken  from  the  spoil  bank  is  in  general  as  good  as  that 
taken  from  any  of  the  quarries  of  the  district.  Rotten  stone,  however, 
may  be  found  in  almost  any  quarry,  as  well  as  in  the  spoil  bank,  and 
this  is  particularly  true  of  the  quarries  in  the  Lemont  district  and  of 
the  spoil  bank  along  sections  12  and  13,  but  this  rotten  stone  can  be 
readily  detected  by  the  observer. 

lilTERATURE  AND  MAPS. 

There  is  a  long  list  of  papers  dealing  with  subjects  mainly  of  purely 
scientific  interest  in  connection  with  this  area,  but  few  of  them  have 
practical  value  in  relation  to  the  subject  of  concrete  materials.  In 
the  following  papers  will  be  found  useful  data  regarding  the  character 
and  distribution  of  the  Umestone,  sand,  and  gravel  in  the  vicinity 
of  Chicago : 

Alden,  William  C.    Description  of  the  Chicago  district:  Geologic  Atlas  U.  S.,  folio 

81,  U.  S.  Geol.  Survey,  1902.  ^ 
The  Delavan  lobe  of  the  I^ake  Michigan  glacier:  Prof.  Paper  U.  S.  Geol.  Survey 

No.  34,  1905. 
Leverett,  Frank.    The  water  resources  of  Illinois:  Seventeenth  Ann.  Rept.  U.  S. 

Geol.  Survey,  pt.  2,  1896,  pp.  695-849. 
.The  Pleistocene  features  and  deposits  of  the  Chicago  area:  Bull.  Chicago  Acad. 

Sci.  No.  2,  Geol.  and  Nat.  Hist.  Survey,  1897. 
The  Illinois  glacial  lobe:  Mon.  U.  S.  Geol.  Survey,  vol.  38,  1899. 


The  available  United  States  Geological  Survey  topographic  maps 
of  portions  of  northeastern  Illinois  and  southeastern  Wisconsin 
include  the  following  quadrangles,  the  first  four  of  which  compose 
the  area  described  in  the  Chicago  foho:  Chicago,  Riverside,  Calumet, 
Desplaines,  Wheaton,  Joliet,  Wilmington,  Morris,  Highwood,  Wauke- 
gan,  Racine,  Silver  Lake,  Lake  Geneva,  Delavan,  Shopiere,  and 
Janesville. 


PORTLAND  CEMENT  MATERIALS  NEAR  EL  PASO,  TEX. 


By  G.  B.  Richardson. 


INTRODUCTION. 

The  considerable  cost  of  Portland  cement  at  El  Paso,  Tex.,  owing  to 
its  distance  from  the  nearest  plant,  and  the  fact  that  this  rapidly 
growing  city  is  the  commercial  center  of  a  large  area,  cause  the  local 
presence  of  the  raw  materials  for  making  cement  to  be  a  matter  of 
importance.  The  object  of  this  paper  is  to  call  attention  to  large 
deposits  of  lime  and  clay  materials   in  the  vicinity  of  El  Paso. 

GENERAL  GEOIiOGY. 

The  geology  of  the  El  Paso  region  has  already  been  outlined  by 
the  writer"  and  for  the  present  purpose  the  following  sketch  will 
suffice.  The  city  of  El  Paso  is  situated  in  the  Rio  Grande  valley,  at 
the  mouth  of  a  narrow  gap  which  the  river  has  cut  through  highlands 
in  passing  from  the  Mesilla  valley  to  the  Hueco  Bolson.  The  Frank- 
lin Mountains  lie  east  of  the  gap  and  the  Cerro  de  Muleros  west  of  it. 
The  Franklin  Mountains  are  composed  of  sedimentary  and  igneous 
rocks  which  range  in  age  from  Cambrian  to  Cretaceous.  The  strata 
dip  steeply  westward  and  the  mountains  as  a  whole  have  the  general 
characteristics  of  a  Basin  Range  block,  but  they  differ  from  the  type 
by  being  complexly  faulted  internally.  The  Cerro  de  Muleros  is  a 
laccolithic  mountain  with  a  porphyry  core  flanked  by  Cretaceous  sedi- 
ments. This  mountain  also  has  been  much  faulted,  especially  con- 
tiguous to  the  pass  through  which  the  Rio  Grande  flows.  The  bolson 
deposits  consist  of  gravel,  sand,  and  clay,  and  similar  materials  also 
compose  the  flood  plain  of  the  river.  Limestones  are  abundantly 
developed  in  the  Franklin  Mountains  and  both  limestone  and  shale 
are  present  in  the  Cerro  de  Muleros  and  in  outlying  hills  between  the 
two  mountains. 

a  Richardson,  G.  B.,  Reconnaissance  in  Trans-Pecos  Texas:   Bull.  No.  9,  Univ.  Texas  Mineral 
Survey,  1904. 
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CliAY  MATERIAIiS. 

The  clay  materials  can  be  classed  as  bolson  clay,  flood-plain  clay, 
and  shale.  The  bolson  clays  are  extremely  irregular  in  their  occur- 
rence. They  are  locally  exposed  in  the  terraces  above  the  river  and 
numerous  lenses  of  clav  have  been  found  in  the  wells  which  have 
been  sunk  in  the  Hueco  Bolson.  As  yet  none  of  these  deposits  have 
been  developed.  *     ' 

Flood-plain  clay  occurs  in  several  localities  in  the  Rio  Grande  val- 
ley near  El  Paso.  The  material,  derived  from  rocks  that  outcrop 
higher  up  in  the  drainage  area  of  the  river,  has  been  brought  down 
in  suspension  by  the  stream  and  deposited  on  the  flood  plain.  In 
this  maimer  deposits  of  clay  intercalated  with  sand  and  gravel  have 
accumulated,  the  mode  of  origin  causing  the  deposits  to  be  of  irreg- 
ular extent  and  composition.  The  beds  range  in  thickness  from  a 
few  inches  to  many  feet,  and  in  character  from  a  rather  pure  clay  to 
one  containing  large  admixtures  of  sand.  More  or  less  organic  mat- 
ter also  is  usually  present.  The  analysis  of  clay  from  Whites  Spur, 
about  10  miles  north  of  El  Paso  (p.  413),  shows  the  composition  of 
what  is  perhaps  a- typical  sample  of  flood-plain  clay.  This  clay  is 
manufactured  into  common  wire-cut  brick  at  several  plants  in  the 
valley — at  Vinton  and  Whites  Spur,  above  El  Paso,  and  at  others 
below  the  city.  The  product  is  of  a  fairly  good  grade,  and  several 
million  bricks  from  this  source  are  made  yearly.  Adobe  bricks, 
made  of  sun-dried  flood-plain  clays,  are  manufactured  extensively 
by  the  Mexican  inhabitants  of  the  Rio  Grande  valley  and  are  used 
in  the  construction  of  their  picturesque  buildings. 

The  deposits  of  shale  are  more  important  for  cement  making  than 
the  flood-plain  clays  because  of  their  uniform  texture  and  general  free- 
dom from  coarse  particles.  The  shale  is  a  blue-gray  clay  shale  of 
Lower  Cretaceous  age  and  occurs  interbedded  with  sandstone  and 
limestone  on  the  flanks  of  the  Cerro  de  Muleros.  It  is  well  exposed  in 
the  pass  along  the  west  bank  of  the  Rio  Grande  and  also  occurs 
in  small  areas  east  of  the  river.  The  composition  of  four  samples  of 
this  shale  is  shown  by  the  accompanying  analyses.  The  figures  indi- 
cate a  considerable  variation,  silica  ranging  from  49.08  to  75.15  per 
cent,  alumina  from  10.90  to  20.71  per  cent,  and  lime  from  0.66  to 
13.56  per  cent.  The  analyses  show  that  the  shale  is  well  adapted 
for  making  cement,  with  the  exception  of  No.  3,  which  contains  too 
much  silica  and  relatively  too  much  aluminum  and  iron  for  an  ideal 
Portland  cement  clay.  Because  of  the  variability  in  composition  indi- 
cated by  the  analyses,  more  tests  are  desirable  to  determine  the  extent 
of  the  different  grades. 
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[Fusion  of  air-dried  material.    Analyst,  P.  H.  Bates,  U.  S.  Geological  Survey  fuels  and  struotnwl 

materials  testing  laboratory.] 
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1.  Shale  one-fourth  mile  south  of  Courchesne  quarry. 

2.  Shale  one-fourth  mile  north  of  Courchesne  quarry. 

3.  Shale  from  El  Paso  Brick  Company's  property. 

4.  Shale  from  El  Paso  Brick  Company's  property. 

5.  Flood-plain  clay  from  Whites  Spur,  10  miles  above  El  Paso. 

6.  Limestone  from  Courchesne  quarry. 

Bricks  of  excellent  quality  are  made  from  this  shale,  three  grades 
being  manufactured— pressed  brick,  common  wire-cut  brick,  and  fire 
brick.  Many  thousands  of  the  first  two  grades  are  made  daily,  but 
at  the  present  time  only  small  quantities  of  fire  brick  are  manufac- 
tured, their  chief  use  being  in  the  brick  kilns.  An  analysis  of  fire  clay 
is  given  under  No.  3  in  the  table.  It  shows  a  small  content  of  fluxing 
impurities,  although  the  high  percentage  of  silica,  75.15  per  cent, 
indicates  only  moderate  refractoriness. 

lilMESTONE. 

The  limestones  of  the  El  Paso  region  aggregate  more  than  5,000 
feet  in  thickness  and  are  separable  into  five  formations,  based  on  their 
ages,  as  follows:  Lower  Ordovician,  Upper  Ordovician,  Silurian,  Car- 
boniferous, and  Cretaceous.  Without  fossil  evidence  the  different 
limestones  can  not  always  be  recognized,  although  each  has  physical 
properties  peculiar  to  itself.  They  are  all  massive  and  are  in  the 
main  gray  in  color,  but  some  are  whitish  and  others  are  almost  black. 
Some  are  more  crystalline  than  others  and  they  contain  variable 
amoimts  of  chert.  A  characteristic  difference  is  their  content  of 
magnesia,  as  shown  by  the  following  analyses: 

Ldme  and  magnesia  in  limestones  from  the  vicinity  of  El  Paso, 
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The  three  older  formations  contain  abundant  magnesia,  in  quanti- 
ties to  constitute  the  rocks  almost  a  true  dolomite,  but  the  magnesia 
content  of  the  younger  limestones  is  very  small.  On  accoimt  of  the 
high  magnesia  in  the  older  limestones  they  are  imfit  for  cement  mak- 
ing, but  those  of  Carboniferous  and  Cretaceous  age  are  well  adapted 
for  this  purpose. 

The  distribution  of  these  limestones  in  general  is  distinct.  The 
older  formations  outcrop  along  the  crest  and  form  the  ''backbone"  of 
the  Franklin  Moimtains.  The  Carboniferous  limestone  lies  along  the 
northwestern  slope  of  this  range  and  is  particularly  well  developed 
adjacent  to  the  Texas-New  Mexico  boundary  line.  The  Cretaceous 
limestone  outcrops  along  the  flanks  of  the  Cerro  de  Muleros  and  occurs 
also  in  the  gorge  above  El  Paso  on  both  sides  of  the  river.  The 
greater  accessibility  of  the  Cretaceous  limestone  and  its  occurrence 
near  the  shale  make  it  probable  that  this  will  be  first  used,  in  prefer- 
ence to  that  of  Carboniferous  age. 

Both  the  magnesian  and  nonmagnesian  limestones  are  burned  for 
lime  in  the  vicinity  of  El  Paso.  For  this  purpose  the  Ordovician 
limestones  are  quarried  at  the  south  end  of  the  Franklin  Range  and 
the  Cretaceous  limestone  at  the  pass  above  the  city.  Large  quanti- 
ties of  the  Cretaceous  limestone  are  also  quarried  and  crushed  for  use 
as  furnace  flux  by  the  smelter  in  the  valley  4  miles  above  El  Paso. 
The  rock  is  also  extensively  used  for  foundations  and  for  road-making 
macadam. 
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CLAYS  IN  THE  KOOTEMI  FORMATION  NEAR  BELT, 

MONT. 


By  Cassius  A.  Fisher. 


INTRODUCTION. 

Clays  of  different  varieties  are  more  or  less  abundant  throughout 
the  Kootenai  formation  in  the  vicinity  of  Belt,  Mont.,  and  along 
Otter  Creek,  where  this  product  has  been  prospected  and  mined  to 
some  extent.  Clay  deposits  of  commercial  value  are  found  in  this 
formation  at  many  different  places  throughout  the  Great  Falls  region, 
but  at  no  other  locality,  so  far  as  they  have  yet  been  observed,  are 
they  of  as  good  quality,  apparently,  as  those  near  Belt.  These  clays 
are  locally  known  as  ''flinf  and  *' plastic"  clays.  The  former  term, 
however,  is  not  here  used  in  a  strictly  technical  sense,  being  applied 
to  a  light-tan-colored,  highly  siUceous  rock,  unlike  the  typical  flint 
clays  of  Pennsylvania.  The  latter  term  is  used  to  designate  a  line- 
grained  slate-colored  plastic  clay  of  good  quality.  The  so-called 
flint  clay  was  formerly  used  to  some  extent  in  the  manufacture  of 
brick,  and  the  plastic  clay  is  now  shipped  to  Anaconda,  Mont.,  where 
it  is  burned  into  refractory  products  used  in  the  large  smelters  at  that 
place.  With  the  completion  of  the  new  Billings  and  Northern  Rail- 
road, which  passes  near  some  of  the  best  deposits,  an  excellent  oppor- 
tunity will  be  afforded  for  renewed  activity  and  increased  develop- 
ment of  the  clay  resources  of  this  district. 

liOCATION  AND  EXTENT. 

The  area  in  which  the  best  clays  have  been  observed  is  situated 
in  the  eastern  part  of  Cascade  County,  which  is  located  near  the  center 
of  Montana.  It  comprises  about  145  square  miles,  including  in  its 
eastern  part  the  plains  region  lying  between  the  Little  Belt  and  High- 
wood  mountains  and  in  its  western  part  Belt  Creek  valley  and  a 
small  portion  of  the  adjoining  plains.  (See  PI.  V.)  Belt,  a  small 
coal-mining  town,  and  Armington  are  located  in  the  extreme  north- 
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west  comer  of  the  area.  The  Billings  and  Northern  Railroad  extends 
diagonally  across  it,  and  the  Neihart  branch  of  the  Great  Northern 
Railway  leaves  the  above-mentioned  road  at  Armington  and  extends 
up  Belt  Creek  to  the  town  of  Neihart. 

GEOIiOGIC  OCCURRE]S^CE  OF  CI^AY. 

The  rocks  that  outcrop  in  the  district  here  described  range  from 
Carboniferous  to  Cretaceous  in  age.  They  comprise  the  Quadrant, 
Ellis,  Morrison,  and  Kootenai  formations,  and  a  portion  of  the  Col- 
orado shale.  Over  a  great  part  of  the  area,  however,  the  Kootenai 
formation  occupies  the  surface,  and  in  this  formation  at  several 
different  horizons  clay  and  shale  deposits  of  commercial  value  are 
found.  The  Kootenai  formation  has  a  thickness  of  about  450  feet, 
and  consists  mainly  of  sandstones,  sandy  shales,  and  clays  occurring 
in  alternate  succession.  In  the  lower  part  sandstones  predominate 
and  are  massive  in  character,  but  higher  in  the  formation  the  pro- 
portion of  sandstone  decreases  and  the  beds  consist  largely  of  red 
shales  and  clays,  with  here  and  there  a  thin  layer  of  sandstone  or  a 
bed  of  limestone.  The  formation  rests  with  apparent  conformity  upon 
the  variegated  sandy  shales  and  sandstones  of  the  Morrison,  and  is 
overlain  by  the  somber-colored  sandstones  and  shales  of  the  Colorado. 
A  generaUzed  section  of  the  Kootenai  formation  of  this  district  is 
given  below: 

Generalized  section  of  the  Kootenai  formation  {Lower  Cretaceous)  in  the  vicinity  of  Belt, 

Mont, 

Colorado  formation  (Upper  Cretaceous).  Feet. 

Shale,  red,  sandy,  and  clay,  with  few  thin  sandstone  layers. . .  195 

Shale,  red,  sandy,  capped  by  sandstone 20 

Limestone 5 

Shale,  red,  sandy,  capped  by  sandstone 20 

Shale,  red,  sandy  at  top 30 

Clay  and  shale,  the  former  light  tan  color  and  the  latter  red, 
sandy,  with  an  occasional  thin  sandstone  layer  (clay  for- 
merly mined) 50 

Shale,  red,  containing  lenses  of  impure  limestone  capped  by 

gray  limestone 30 

Sandstone  and  blue  clay  in  alternating  layers 6 

Sandstone,  gray,  compact 1 

Clay^  slate  colored,   fine  grained,   homogeneous;   mined  at 

present 4} 

Sandstone,  gray,  mafisive •- 20 

Clay,  bluish,  sandy 6 

Coal 4§ 

Sandstone  and  sandy  shale 60 

Morrison  formation  (Jurassic).  

452 
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The  foregoing  section  is  compiled  from  a  nimiber  of  detailed 
measurements  made  in  various  parts  of  the  field,  and  as  individual 
beds  vary  materially  from  place  to  place,  it  can  not  be  regarded  as 
typical  of  any  one  locality.  It  is  introduced  here  mainly  to  show 
the  succession  of  the  beds  in  the  Kootenai  formation  and  the  rela- 
tive position  of  the  clays  here  described,  also  their  relation  to  the 
Kootenai  coal.  The  red  shales  in  the  upper  part  of  the  section  are 
in  many  places  associated  with  clays  which  are  good  brickmaking 
material. 

STRUCTURE. 

The  rocks  in  this  region  lie  neariy  horizontal,  dipping  at  small 
angles  (3°  or  4°)  to  the  northeast,  away  from  the  Little  Belt  Moim- 
tains  and  toward  the  plains.  Although  they  are  nearly  horizontal, 
a  close  examination  of  the  beds  along  the  sides  of  the  canyons  shows 
that  they  are  in  reaUty  gently  folded  into  a  series  of  low  anticlines 
and  shallow  synclines,  most  of  which  are  not  perceptible  to  the  casual 
observer.  No  large  faults  occur  within  this  district,  but  minor 
faults  are  not  uncommon,  especially  in  the  vicinity  of  Belt.  The 
throw  of  these  faults  is  slight,  ranging  from  5  to  15  feet,  and  their 
presence  is  therefore  diflGlcult  to  detect  on  the  surface.  They  are 
usually  first  encountered  by  miners  working  the  coal  beds,  and 
some  of  them  have  presented  considerable  difficulty  to  coal-mining 
operations.  In  Armington  Coulee,  about  half  a  mile  above  the  mouth, 
a  short  distance  east  of  the  Anaconda  Copper  Mining  Company's 
clay  pit  now  being  worked,  there  is  a  sharp  fold  in  the  rocks  which 
may  possibly  be  more  or  less  fractured  along  the  axis  of  the  fold  that 
here  trends  northward  toward  Belt  Butte.  Exposures  at  this  place 
were  inadequate  for  determination  on  this  point,  but  it  is  a  struc- 
tural condition  which  should  be  seriously  considered  in  any  exten- 
sive development  of  the  clay  deposits  of  Armington  Coulee. 

BETAIIiED  DESCRIPTIONS  OF  CI^AYS. 

ARMINGTON  COULEE. 

On  the  north  side  of  Armington  Coulee,  a  small  tributary  of  Belt 
Creek  entering  from  the  east  just  above  the  town  of  Armington, 
there  is  a  clay  mine  owned  by  the  Anaconda  Copper  Mining  Company, 
of  Anaconda,  Mont.  The  clay  deposit  worked  at  this  mine  has  a 
thickness  of  4  feet  6  inches  and  occurs  about  90  feet  above  the  base 
of  the  Kootenai  formation  and  26  feet  above  the  Kootenai  coal  hori- 
zon. The  massive  gray  sandstone  which  overlies  the  coal  in  this 
general  region  has  a  variable  thickness,  ranging  from  about  20  to 
80  feet,  and  in  Armington  Coulee  its  thickness  is  near  the  minimum. 
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A  section  at  the  Anaconda  Copper  Mining  Company^s  mine,  showing 
the  position  of  the  clay  with  respect  to  the  coal,  is  given  below: 

Section  at  Anaconda  Copper  Mining  Company^ 8  clay  minej  Armingtony  Mont. 

Feet. 
Sandstone  and  slate-colored  clay  occurring  in  alternating  layers...     6 

Sandstone,  gray,  compact 1 

Clay^  light  gray  to  slate  colored,  fine  grained,  homogeneous;  de- 
posit worked 4} 

Sandstone,  gray,  massive,  weathering  tan 20 

Clay,  slate  colored,  sandy 6 

Coal 4J 

42 

The  clay  at  this  mine  is  light  gray  to  slate  colored,  fine  grained, 
and  uniform  in  texture.  It  has  a  greasy  feel  and  a  subconchoidal 
fracture,  and  in  places  indistinct  laminations  can  be  seen.  Although 
the  material  contains  all  the  minerals  ordinarily  found  in  clay  of 
this  character,  the  only  one  which  could  be  detected  with  the  naked 
eye  or  a  hand  lens  is  pyrite,  in  crystals  most  of  which  are  cubical 
in  shape,  although  pyritohedral  forms  are  also  present.  Through- 
out the  thickness  of  the  deposit  the  clay  is  homogeneous  in  char- 
acter and  notably  free  from  sandy  lenses.  The  workings  extend 
back  more  than  150  feet  from  the  mouth  of  the  entry  and  in  this 
distance  the  clay  maintains  a  uniform  thickness.  Samples  of  this 
clay  were  shipped  to  St.  Louis,  where  ultimate  analysis  was  made 
in  the  structural-materials  laboratory  of  the  United  States  Geological 
Survey.     The  result  of  this  analysis  is  given  below: 

Analysis  of  clay  worked  by  Anaconda  Copper  Mining  Company  at  Armingtony  Mont. 

Silica 55.38 

Alumina 30. 86 

Ferrous  oxide 86 

Lime 40 

Magnesia 1. 03 

Sulphuric  anhydride 16 

Ferric  sulphide 2. 23 

Alkalies  F^^ 2^ 

Alkalies  ^^^ j^ 

Water  at  100°  C 84 

Ignition  loss 6. 86 

99. 92 

The  analysis  shows  that  this  clay  has  an  average  percentage 
of  silica,  not  high  enough  to  cause  it  to  be  sandy,  and  that  alumina, 
the'  refractory  ingredient,  is  moderately  high,  so  that  the  clay 
compares  favorably  in  this  respect  with  plastic  clays  of  Woodbury, 
N.  J.,  and  St.  Louis,  Mo.  Its  fluxing  constituents,  lime,  magnesia^ 
and  the  alkalies,  and  also  the  iron  are  low. 
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In  addition  to  the  above  analysis  the  writer  obtained  from  the 
reduction  works  of  the  company  at  Anaconda  an  analysis  of  an 
average  sample  of  this  clay  as  utilized,  which  is  here  given: 

Average  analysis  of  fire  day  from  Armingtonj  Mont. 

SiHca 53.70 

Alumina 27.20 

Ferric  oxide 5. 00 

Lime Trace. 

Magnesia Trace. 

Alkalies 2.90 

Sulphuric  anhydride 30 

Ignition  loss '.  10. 85 

The  mine  has  been  in  operation  at  this  place  for  about  two  years. 
The  main  entry  extends  more  than  150  feet  back  from  the  outcrop, 
with  side  entries  in  either  direction.  The  clay  is  mined  out  by 
hand  at  the  bottom  of  the  bed  and  then  blasted  down  from  above. 
It  is  hauled  in  wagons  to  the  station  and  shipped  to  Anaconda, 
where  it  is  manufactured  into  refractory  products  for  utilization  in 
the  smelters  at  that  place.  The  output  of  the  mine  at  present  is 
not  large,  and  only  a  few  men  are  employed. 

About  45  feet  above  this  clay  bed  stratigraphically  there  is  a 
light-tan  to  yellowish  sandy  clay  or  impure  sandstone  which  was 
formerly  mined  on  the  south  side  of  the  coulee  for  the  manufacture 
of  brick.  The  material  is  hard,  gritty  to  the  touch,  and  breaks 
with  an  irregular  fracture.  Although  in  general  it  is  light  yellow 
in  color,  there  are  bands  of  Umonite  running  through  it,  and  along 
all  joint  planes  a  thin  film  of  limonite  occurs.  Ruins  of  the  aban- 
doned brick  plant  can  be  seen  on  the  south  side  of  Armington  Coulee, 
nearly  opposite  the  Anaconda  Copper  Mining  Company's  mine. 
Clay  for  this  plant  was  obtained  from  the  bluffs  near  by,  also  about 
one-fourth  mile  farther  up  the  coulee,  on  the  east  side  of  the  Belt- 
Lewistown  stage  road. 

An  analysis  made  several  years  ago  has  been  furnished  by  the 
Anaconda  Copper  Mining  Company,  and  is  given  below: 

Analysis  of  clay  formerly  mined  in  Armington  Coulee. 

Silica  . .  .• 77. 6 

Ferric  oxide 2. 3 

Alumina 12. 2 

Lime 2 

The  location  of  this  abandoned  clay  mine  in  Armington  Coulee  is 
shown  on  the  map  (PI.  V.) 
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WILLIAMS  CREEK. 

On  either  side  of  Williams  Creek  near  Spion  Kop  there  is  a  workable 
clay  bed  in  the  Kootenai  formation,  a  short  distance  above  the  coal. 
The  deposits  have  been  prospected  at  a  number  of  places  on  Lewis 
Larson's  ranch,  which  is  located  near  the  mouth  of  the  creek.  The 
clay  at  this  place  is  believed  to  occur  at  about  the  same  horizon  as 
that  foimd  in  Armington  Coulee,  but  an  exact  correlation  with  that 
deposit  can  not  be  made,  owing  to  the  fact  that  the  clay  and  shale, 
also  the  sandstone  members,  of  the  Kootenai  formation  are  very 
lenticular  and  individual  beds  thicken  or  thin  within  a  very  short 
distance.  Sections  of  the  clay  on  both  sides  of  Williams  Creek, 
measured  by  A.  J.  Hazlewood,  are  given  below: 

Section  of  clay  deposit  on  north  side  of  Williams  Creek,  near  Spion  Kop,  Mont. 

Ft.  in. 
Sandstone,  gray,  impure,  soft 3 

Clay,  gray,  very  sandy  at  base '. 3    8 

Clay,  light  gray  to  slate  colored,  somewhat  sandy,  hard 5    6 

Beds  concealed. 

Section  of  clay  deposit  on  south  side  of  Williams  Creek,  near  Spion  Kop,  Mont. 

Ft.  in. 
Clay,  light  gray 4 

Sandstone,  gray,  soft ^ 2    6 

Clay,  light  bluish  gray 5 

Beds  concealed. 

It  was  impossible  to  obtain  a  continuous  section  of  the  beds  be- 
tween the  clay  and  the  coal  at  this  place,  but  it  is  reasonably  certain 
that  the  stratigraphic  interval  between  the  two  deposits  does  not 
exceed  40  feet.  The  massive  gray  sandstone  overlying  the  coal  is 
present  here,  but  it  is  not  a  conspicuous  feature  and  exposures  were 
not  sufficiently  good  for  an  exact  measurement  of  its  thickness.  In  a 
railroad  cut  on  the  north  side  of  Williams  Creek  near  the  wagon  road, 
a  bed  qf  gray  clay  about  6  feet  thick  was  observed.  The  material 
appears  to  be  of  ^  inferior  quality  and  occurs  in  a  bed  of  variable 
thickness.  It  is  underiain  by  a  sandstone  believed  to  be  the  one 
immediately  overiying  the  coal.  The  correlation  of  this  clay  with  the 
workable  beds  described  in  the  foregoing  sections  is  not  certain,  but 
it  is  probably  at  about  the  same  geologic  horizon. 

About  half  a  mile  southwest  of  the  locality  just  described,  on  the 
north  side  of  Otter  Creek,  another  railroad  cut  exposes  a  deposit  of 
slate-colored  clay  about  8  feet  thick,  which  contains  a  l^-foot  layer  of 
red  clay  near  the  middle  and  calcareous  concretionary  bands  near  the 
base  and  in  the  upper  part.  The  workable  clay  in  this  bed  thickens 
and  thins  within  short  distances,  so  that  the  deposits  cau  not  bd 
regarded  as  of  commercial  importance.  This  lack  of  persistence  in 
character  and  thickness  in  the  clay  deposits  of  this  region  makes 
correlation  of  individual  beds  often  uncertain. 
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OTHER   favorable' LOCALITIES. 

Although  the  clay  at  the  horizon  of  the  bed  worked  at  the  Ana- 
conda Copper  Mining  Company's  mine  has  been  prospected  at  only  a 
few  places  in  this  general  region,  clay-bearing  sediments  of  this  part 
of  the  Kootenai  formation  are  exposed  in  the  bluflFs  bordering  Otter 
and  Belt  creeks  and  their  tributaries.  The  accompanying  map 
(PI.  V)  shows  the  approximate  position  along  these  streams  of 
the  clay  worked  at  Armington.  Clays  of  equal  commercial  impor- 
tance may  possibly  be  found  at  different  horizons  a  short  distance 
above  or  below  the  one  described,  or  in  fact  throughout  a  zone  150 
feet  thick  overlying  the  coal.  It  is  probable  that  the  clay  at  Arming- 
ton  is  not  a  persistent  deposit,  but  that  it  dovetails  in  with  deposits 
above  and  below  of  similar  character  and  equal  value.  The  fact 
that  the  zone  in  which  the  above  clays  are  found  occupies  a  position 
in  the  bluffs  about  100  to  200  feet  above  the  valley  along  both  Otter 
and  Belt  creeks,  where  lines  of  transportation  have  already  been  con- 
structed, makes  the  conditions  favorable  for  exploitation. 

CLAYS    OUTSIDE   THE   AREA   DESCRIBED. 

About  one-eighth  mile  west  of  the  Boston  and  Montana  smelters  at 
Great  Falls  a  sandy  clay  or  argillaceous  sandstone,  mined  by  Coombs 
&  King,  occurs  on  the  north  bluffs  of  Missouri  River.  The  material 
has  a  greenish-gray  color,  is  very  sandy,  and  occurs  in  a  bed  30  feet 
thick  near  the  top  of  the  Kootenai  formation.  It  is  used  for  the 
manufacture  of  ordinary  brick,  also  as  a  lining  for  converters  at  the 
smelters.  The  clay  is  satisfactory  for  these  purposes,  but  it  would 
probably  never  be  mined  so  extensively  were  it  not  for  its  convenient 
location  to  the  smelters  and  the  city  of  Great  Falls.  It  is  mined  con- 
tinuously and  a  considerable  proportion  of  the  deposit  is  utilized. 

There  is  also  a  sandy  clay  of  some  commercial  value  in  the  upper 
half  of  the  Kootenai  formation  at  Fields,  a  railroad  siding  3}  miles 
east  of  Great  Falls.  A  large  amount  of  this  clay  was  formerly  used 
in  the  Boston  and  Montana  smelters,  probably  before  the  Coombs  & 
King  clay  bed  was  exploited.  This  material  is  at  about  the  same 
horizon  as  that  near  the  smelters,  4  miles  farther  north,  but  exact 
correlation  of  these  beds  can  not  be  made.  The  clay  at  Fields  is  about 
42  feet  thick,  light  gray  to  slate  color  above,  and  reddish  below.  It  is 
very  siliceous  and  in  portions  resembles  a  fine-grained  impure  sand- 
stone. Close  examination  of  a  hand  specimen  shows  a  large  number 
of  minute  pyrite  crystals  and  small  roimded  sand  grains  embedded  in 
the  clay.  In  addition  to  its  use  in  the  Great  Falls  smelters  this  clay 
was  also  manufactured  into  fire  brick  by  the  Hosford  Fire  Brick  Com- 
pany, located  at  Fields,  but  this  enterprise  proved  not  to  be  prac- 
ticable, owing  to  the  high  percentage  of  iron  in  the  clay.  The  deposit 
has  not  been  worked  for  several  years. 
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In  addition  to  the  papers  named  below,  some  of  the  pubUcations 
listed  under  the  heading  *' Cement''  contain  references  to  clays. 
Certain  of  the  geologic  folios  also  contain  references  to  clays,  fuller's 
earth,  etc;  when  these  materials  are  of  importance  in  a  particular 
area,  they  are  printed  in  italics  in  the  list  of  folios  (pp.  9-11). 

Ashley,  G.  H.  T^otes  on  clays  and  shales  in  central  Pennajrlvania.  In  Bulletin 
No.  285,  pp.  442-444.     1906. 

Bastin,  E.  S.  Clays  of  the  Penobscot  Bay  region,  Maine.  In  Bulletin  No.  285, 
pp.  428-431.     1906. 

Branner,  J.  C.  Bibliography  of  clays  and  the  ceramic  arts.  Bulletin  No.  143. 
114  pp.     1896. 

The  clays  of  Arkansas.    Bulletin  No.  351.    In  preparation. 

Butts,  C.  Clays  of  the  Birmingham  district,  Alabama.  In  Bulletin  No.  315,  pp. 
291-295.     1907. 

Crider,  a.  F.  Clays  of  western  Kentucky  and  Tennessee.  In  Bulletin  No.  285, 
pp.  417^27.     1906. 

Eckel,  E.  C.  Stoneware  and  brick  clays  of  western  Tennessee  and  northwestern 
Mississippi.    In  Bulletin  No.  213,  pp.  382-391.    1903. 

Clays  of  Garland  County,  Ark.    In  Bulletin  No.  285,  pp.  407-111.    1906. 

Fenneman,  N.  M.    Clay  resources  of  the  St.  Louis  district,  Missouri.    In  Bulletin 

No.  315,  pp.  315-321.     1907. 

Fisher,  C.  A.  The  bentonite  deposits  of  Wyoming.  In  Bulletin  No.  260,  pp. 
559-563.     1905. 

Fuller,  M.  L.  Clays  of  Cape  Cod,  Massachusetts.  In  Bulletin  No.  285,  pp.  432- 
441.    1906.  . 

Gardner,  J.  H.     (See  Shaler,  M.  K.,  and  Gardner,  J.  H.) 

Ha  WORTH,  E.     (See  Schrader,  F.  C,  and  Haworth,  E.) 

Hill,  R.  T.  Clay  materials  of  the  United  States.  In  Mineral  Resources  U.  S.  for 
1891,  pp.  474-528.     1892. 

Clay  materials  of  the  United  States.    In  Mineral  Resources  U.  S.  for  1892, 

pp.  712-738.     1893. 

L ANDES,  H.    The  clay  deposits  of  Washington.    In  Bulletin  No.  260,  pp.  650-658. 

1905. 
Lines,  E.  F.    Clays  and  shales  of  the  Clarion  quadrangle.  Clarion  County,  Pa.    In 

Bulletin  No.  315,  pp.  335-343.     1907. 
Marbut,  C.  F.     (See  Shaler,  N.  S.,  Woodworth,  J.  B.,  and  Marbut,  C.  F.) 
Martin,  Lawrence.     (See  Phalen,  W.  C,  and  Martin,  Lawrence.) 
Middleton,  J.     Clay-working  industries.    In  Mineral  Resources  U.  S.  for  1906, 

pp.  933-983.     1907. 
Phalen,  W.  C.    Clay  resources  of  northeastern  Kentucky.    In  Bulletin  No.  285, 

pp.  412-416.    1906. 
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Phalen,  W.  C,  and  Martin,  Lawrence.  Clays  and  shales  of  southwestern  Cam- 
bria County,  Pa.    In  Bulletin  No.  315,  pp.  344-354.     1907. 

Porter,  J.  T.  Properties  and  tests  of  fuller's  earth.  In  Bulletin  No.  315,  pp.  268- 
290.     1907. 

RiES,  H.  Technology  of  the  clay  industry.  In  Sixteenth  Ann.  Kept.,  pt.  4,  pp. 
523-575.     1895. 

The  pottery  industry  of  the  United  States.    In  Seventeenth  Ann.  Kept., 

pt.  3,  pp.  842-880.     1896. 

The  clays  of  the  United  States  east  of  the  Mississippi  River.    Professional 

Paper  No.  11.    298  pp.    1903. 

Scurader,  F.  C,  and  Ha  worth,  £.  Clay  industries  of  the  Independence  quad- 
rangle, Kansas.    In  Bulletin  No.  260,  pp.  546-549.    1905. 

Shaler,  M.  K.,  and  Gardner,  J.  H.    Clay  deposits  of  the  western  part  of  the 
Durango-Gallup  coal  field  of  Colorado  and  New  Mexico.    In  Bulletin  No.  315,  pp. 
296-302.     1907. 

Shaler,  N.  S.,  Woodworth,  J.  B.,  and  Marbut,  C.  F.  The  glacial  brick  clays  of 
Rhode  Island  and  southeastern  Massachusetts.  In  Seventeenth  Ann.  Rept.,  pt.  1,  pp. 
957-1004.     1896. 

SiEBENTHAL,  C.  E.  *  Beutouite  of  the  Laramie  basin,  Wyoming.  In  Bulletin  No. 
285,  pp.  445-447.     1906. 

Stose,  G.  W.  White  clays  of  South  Mountain,  Pennsylvania.  In  Bulletin  No.  315, 
pp.  322-334.     1907. 

Vaughan,  T.  W.  Fuller's  earth  of  southwestern  Georgia  and  Florida.  In  Min- 
eral Resources  U.  S.  for  1901,  pp.  922-934.     1902. 

Fuller's  earth  deposits  of  Florida  and  Georgia.    In  Bulletin  No;  213,  pp. 

392-399.     1903. 

Veatch,  0.  Kaolins  and  fire  clays  of  central  Georgia.  In  Bulletin  No.  315,  pp. 
303-314.     1907. 

WiLBER,  F.  A.  Clays  of  the  United  States.  In  Mineral  Resources  U.  S.  for  1882, 
pp.  46&-475.     1883. 

Clays  of  the  United  States.    In  Mineral  Resources  IJ.  S.  for  1883-84,  pp. 

676-711.    1885. 

Woodworth,  J.  B.    (See  Shaler,  N.  S.,  Woodworth,  J.  B.,  and  Marbut,  C.  F.) 
WooLSEY,  L.  H.    Clays  of  the  Ohio  Valley  in  Pennsylvania.    In  Bulletin  No.  225, 
pp.  463-480.    1904. 
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SURVEY  PUBLICATIONS  ON  LIME  AND  MAGNESITE. 


In  addition  to  the  papers  listed  below,  which  deal  principally  with 
lime,  magnesite,  etc.,  further  references  on  limestones  will  be  found 
in  the  lists  given  imder  the  heads  ''Cement''  and  ''Building  stone." 

Bastin,  E.  S.  The  lime  industry  of  Knox  County,  Me.  In  Bulletin  No.  286, 
pp.  39^-400.    1906. 

Butts,  C.  Limestone  and  dolomite  in  the  Birmingham  district,  Alabama,  In 
Bulletm  No.  315,  pp.  247-255.    1907. 

Hess,  F.  L.  Some  magnesite  deposits  of  California.  In  Bulletin  No.  285,  pp. 
385-392.    1906. 

RiES,  H.  The  limestone  quarries  of  eastern  New  York,  western  Vermont,  Maan^ 
chusetts,  and  Connecticut.    In  Seventeenth  Ann.  Kept.,  pt.  3,  pp.  795-811.    1896. 

Stosb,  G.  W.  Pure  limestone  in  Berkeley  County,  W.  Va.  In  Bulletin  No.  225, 
pp.  516-517.    1904. 

Yale,  C.  G.  Magnesite  deposits  in  California.  In-  Mineral  Resources  U.  S.  for 
1903,  pp.  1131-1135.    1904. 

Magnesite.    In  Mineral  Resources  U.  S.  for  1906,  pp.  1145-1147.    1907. 
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SURVEY  PUBLICATIONS  ON  GYPSUM  AND  PLASTERS. 


The  more  important  publications  of  the  United  States  Geological 
Survey  on  gypsum  and  plasters  are  included  in  the  following  list: 

Adams,  G.  I.,  and  others.  Gypsum  deposits  of  the  United  States.  Bulletin  No. 
223.    123  pp.    1904. 

BouTWELL,  J.  M.  Bock  gypsum  at  Nephi,  Utah.  In  Bulletin  No.  226,  pp.  483- 
487.     1904. 

BuRCHARD,  E.  F.  Gypsum  and  gypsiun  products.  In  Mineral  Resources  U.  S. 
for  1906,  pp.  1069-1078.    1907. 

Eckel,  E.  C.  Salt  and  gypsum  deposits  of  southwestern  Virginia.  In  Bulletin 
No.  213,  pp.  406^16.    1903. 

Gypsum  and  gypsum  products.    In  Mineral  Resources  U.  S.  for  1905, 

pp.  1105-1115.    1906. 

Orton,  E.  Gypsum  or  land  piaster  in  Ohio.  In  Mineral  Resources  U.  S.  for  1887, 
pp.  506-601.     1888. 

Richardson,  G.  B.  Salt,  gypsiun,  and  petroleum  in  trans-Pecos  Texas.  In  Bul- 
letin No.  260,  pp.  573-585.    1905. 

Shalbr,  M.  K.  Gypsum  in  northwestern  New  Mexico.  In  Bulletin  No.  315,  pp. 
260-265.     1907. 

SiEBENTHAL,  C.  E.  Gypsum  of  the  Uncompahgre  region,  Colorado.  In  Bulletin 
No.  285,  pp.  401-403      1906. 

Gypsum  deposits  of  the  Laramie  district,  Wyoming.    In  Bulletin  No. 
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^     Stose,  G.  W.    Glass-sand  industry  in  eajstem  West  Virginia.    In  Bulletin  No.  285, 
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Weeks,  J.  D.    Glass  materials.    In  Mineral  Resources  U.  S.  for  1883-1884,  pp. 
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■• —    Glass  materials.    In  Mineral  Resources  U.  S.  for  1885,  pp.  544-555.    1886. 
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TRIPOLI  DEPOSITS  MAR  SENECA,  MO. 


By  C.  E.  SiEBENTHAL  and  R.  D.  Mesler. 


TNTTtOT>JJCT101^. 

A  very  light,  porous  variety  of  decomposed  siliceous  rock,  resem- 
bling the  weathered  chert  popularly  known  in  the  region  as  "  cotton 
rock,"  is  rather  extensively  quarried  in  the  vicinity  of  Seneca,  Mo., 
and  marketed  under  the  commercial  name  tripoli  stone.  Production 
began  in  1888  with  the  manufacture  of  scouring  bricks  and  tripoli 
powder  or  flour.  The  product  came  into  competition  with  similar 
articles  made  from  tripoli  (kieselguhr,  kieselmehl,  bergmehl)  and 
tripoli  slates  (kieselschiefer) — ^infusorial  deposits — and,  though  of 
entirely  diflFerent  origin,  resembled  those  articles  so  much  both  in 
appearance  and  use  that  it  was  sold  under  the  same  name. 

liOCATION. 

As  indicated  on  the  sketch  map  (fig.  25),  about  2  square  miles 
of  land  in  the  neighborhood  of  Seneca  and  Racine  is  owned  in  fee 
or  under  lease  by  the  various  companies  interested  in  the  tripoli 
industry.  Tripoli  is  likewise  known  from  the  vicinity  of  .Fair- 
land,  Wyandotte,  and  Grove,  Okla.,  and  Neosho,  Mo.  There  are 
doubtless  other  deposits  in  the  territory  between  these  localities, 
as  well  as  elsewhere  over  the  area  underlain  by  the  cherts  and  lime- 
stones of  the  Boone  formation,  though  probably  not  all  are  suit- 
able for  use  as  filters  or  scouring  powder. 

GEOIiOGY. 

The  tripoli  deposits  occur  in  the  Boone  formation,  which  in  this 
region  consists  of  a  series  of  alternating  limestones  and  cherts,  with 
an  average  thickness  of  probably  350  feet.  The  only  stratum  which 
can  be  readily  recognized  is  a  bed  of  oolitic  limestone  6  to  9  feet  in 

429 


430  CONTRIBUTIONS  TO   ECONOMIC   GEOLOGY,  1907,  PART  I. 

thickness,  which  in  the  region  to  the  north  has  been  called  the  Short 
Creek  member  of  the  Boone  formation.  The  deposits  of  tripoli  are 
mostly  found  above  the  horizon  of  this  limestone,  though  some  are 
below  it,  in  particular  those  south  of  Grove. 

Some  of  the  deposits  occur  in  the  steeper  bluffs  of  the  hills,  but  in 
such  locations,  by  reason  of  the  fact  that  tripoli  is  formed  by  weather- 
ing processes,  they  are  not  likely  to  be  of  workable  extent.  Most  of 
the  deposits  now  being  exploited  are  on  the  tops  of  the  hills,  owing  to 
the  greater  economy  of  operation  and  the  greater  likelihood  of  ex- 
tensive deposits  in  such  a  situation.  The  bodies  of  tripoli  range  from 
4  to  12  feet  or  more  in  thickness,  and  are  overlain  by  chert,  gravel, 
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Fig.   25. — Sketch   map  showing  location  of  tripoli  deposits  near   Seneca,   Mo.     1,   2,   3, 

riants  of  American  Tripoli  Company. 

and  red  clay,  such  as  are  common  to  the  region.  Some  of  the  de- 
posits rest  upon  impure  spotted  or  discolored  tripoli ;  in  others  the 
bed  rock  is  a  stratum  of  solid  chert.  In  the  spotted  tripoli  below  the 
regular  quarry  bed  in  the  American  Tripoli  Company's  quarry  in 
Oklahoma,  the  dark  spots  occur  in  a  horizontal  band  and  strongly 
suggest  the  dark  material  that  is  deposited  in  the  pits  of  stylolites. 
In  the  quarries  north  of  Seneca  the  tripoli  is  massive,  with  scarcely 
a  trace  of  stratification,  but  divided  into  irregular  blocks  by  verti- 
cal, horizontal,  and  variously  inclined  and  curved  seams  or  joints. 
Chert  occurs  in  lenses  or  more  commonly  in  "  balls  "  through  the  body 
of  the  tripoli  itself,  locally  in  such  quantity  as  to  force  the  aban<Joii- 
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ment  of  the  quarry.  Chert  is  also  present  in  a  streak  of  varying 
thickness  on  both  sides  of  the  slickensides  which  occur  here  and  there 
in  the  tripoli.  Such  a  cherty  "  slickenside  "  may  form  the  limiting 
wall  of  a  quarry.  In  one  of  the  quarries  there  are  several  pro- 
nounced and  characteristic  slickensides  in  the  north  wall,  each  with 
its  cherty  faces.  These  extend  downward  for  2  or  3  feet  and  then 
die  out,  leaving  no  trace  in  the  tripoli  below.  Another  one,  a  foot 
in  length  from  top  to  bottom,  dies  out  at  both  ends.  It  is  conceiv- 
able, of  course,  though  not  probable,  that  the  slickensiding  beyond 
that  now  evident  was  destroyed  in  the  alteration  to  tripoli.  Other- 
wise the  conditions  here  seem  to  indicate  that  slickensides  require 
very  little  displacement  for  their  production. 

In  the  quarries  south  of  Racine  the  tripoli  bed  is  itself  massive  and 
shows  no  lamination,  but  is  overlain  by  horizontally  banded  and 
flaggy  rotten  cherts.  Similar  material  occurs  below  the  tripoli  bed 
where  the  underlying  beds  were  seen.  In  an  abandoned  portion  of 
the  quarry  of  the  National  Filter  Company  there  is  a  sink  hole  which 
permits  a  view  of  the  underlying  formation  and  shows  to  some  extent 
how  effective  the  leaching  surface  waters  have  been  in  this  region. 
A  section  here  is  as  follows : 

Section  at  National  Filter  Company's  quarry  near  Racine^  Mo. 


Soil,  waterworn  gravel,  and  waxy  red  clay 

White  and  red  streaked  shelly  tripoli 

White  tripoli 

Banded  red  and  white  soft  chert 

Red  and  white  rotten  chert 

Soft  white  rotten  chert  rock  resemblingr  tripoli. 


Thick- 
ness. 

Depth. 

Feet. 

Feet. 

3 

9 

2 

5 

5 

10 

S 

13 

5 

18 

8 

26 

The  tripoli  at  this  place  is  very  free  from  the  irregular  and  curved 
jointing  which  was  noted  in  the  Seneca  district,  there  being  a  few 
vertical  crevices  bearing  due  northwest  and  one  seam  of  waxy  red 
clay  2  inches  wide  reaching  to  the  bottom  of  the  quarry. 

CHARACTER. 

Tripoli  is  a  light,  even-textured,  minutely  porous  rock,  crumbling 
easily  to  the  touch  in  the  green  state,  but  preserving  its  form  very 
well  when  air  dried.  Owing  to  its  extreme  porosity,  it  is  highly  ab- 
sorbent. This  porosity  is  thought  to  be  due,  as  shown  later,  to  the 
solution  of  the  limy  portion  of  a  calcareous  chert,  the  siliceous  skele- 
ton of  chert  grains  being  left  behind.     According  to  Hovey,<*  the 

•  Scl.  Am.  Suppl.,  July  28,  1894,  p.  15487.  There  are  numerous  references  to  the 
occurrence  and  nature  of  the  Seneca  tripoli  deposits  in  various  text-books,  State  reports, 
and  the  statistical  annuals,  but  they  are  all  apparently  based  on  the  observations  of  Prr 
Hovey,  as  reported  in  the  above  citation, 
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tripoli  grains  "  are  very  minute,  by  far  the  most  of  them  being  not 
over  0.01  mm.  (0.0004  inch)  in  diameter,  though  occasional  grains 
measure  0.03  mm.  across.  These  particles  are  double  refracting  and 
are  probably  chalcedony." 

In  the  quarries  the  more  open  seams  are  filled  with  red  clay,  which 
in  many  places  stains  the  contiguous  rock  to  a  uniform  brownish  or 
reddish  tint.  Here  and  there  occurs  a  beautiful  regular  banding  per- 
fectly independent  of  the  original  bedding  planes,  but  showing  more 
or  less  relation  to  the  jointing  and  resembling  the  banded  iron  stains 
sometimes  observed  in  weathered  sandstone.  The  color  thus  varies 
from  white  to  cream  and  light  red.  No  traces  of  diatoms,  radiolaria, 
or  other  fossils  have  been  observed  in  the  deposits.  They  either  were 
absent  in  the  original  rock  or  have  been  removed  in  the  process  of 
the  alteration  which  produced  the  tripoli. 

The  composition  of  the  tripoli  in  these  deposits  is  shown  in  the 
following  analyses: 

Analyscfi  of  tripoli  from  deposits  near  Seneca,  Mo, 


1. 


Silica  (Si02) _ _— - '  98.28 

Alumina  (AhOa)- '  .17 

Iron  oxide  (FcO  and  Fe203) — _ - - J  .53 

Llme(CaO) _ _ !  Trace. 

-        I  .17 

I  .27 


Potash  (K2O). 
Soda  (Na20). 
Ignition.. 


.50 


Organic  matter. 


witUU 


100.34 


1.  By  R.  N.  Brackett,  Rept.  Arkansas  Geol.  Survey  for  1892,  vol.  5,  p.  267. 

2.  By  W.  H.  Seamon,  Sei.  Am.  Suppl.,  July  28, 1894,  p.  15487. 

3.  Missouri  Geol.  Survey,  vol.  7, 1894,  p.  731. 


ORIGIN. 

The  commonly  accepted  explanation  of  the  origin  of  the  tripoli 
is  that  it  results  from  the  decomposition  of  chert.  The  analyses 
show  that  it  is  practically  pure  silica.  In  the  quarries  lenses  and 
solid  or  hollow  balls  of  more  or  less  decomposed  chert  are  found, 
and  slickensided  crevices  are  usually  faced  with  solid  undecomposed 
chert.  In  none  of  the  quarries  or  natural  exposures  is  it  possible 
to  trace  the  tripoli  laterally  into  unaltered  rock.  The  massive, 
jointed  character  of  the  rock,  the  absence  of  bedding,  and  the  lack 
of  fossils  would  indicate  that  a  profound  alteration  must  have  taken 
place  if  the  tripoli  is  derived  from  the  ordinary  fossiliferous  cherts 
of  the  region,  which  occur  in  beds  rarely  over  1  or  2  feet  thick. 
"  Cotton  rock,"  the  ordinary  weathered  and  decomposed  surface 
rock,  is  quite  as  fossiliferous  as  the  unaltered  chert  from  which  it 
is  derived,  though  some  of  it  is  almost  as  light  as  tripoli.    It  is 
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difficult  to  see  how  further  weathering  alone  could  completely 
obliterate  the  bedding  and  fossils.  On  the  whole,  it  is  practically 
inconceivable  that  the  usual  chert  of  this  region  could  weather  into 
such  an  even-tinted,  homogeneous  rock  as  the  tripoli  actually  is. 

Locally  there  are  beds  of  massive  white  to  gray  dull-looking 
rock  ranging  up  to  10  or  15  feet  in  thickness.  This  rock  is  fine 
granular  and  unfossiliferous,  and  breaks  with  the  subconchoidal 
fracture  of  a  dense,  fine-grained  limestone.  Immersed  in  acid  it 
effervesces  freely,  but  preserves  its  original  volume  after  treatment, 
showing  it  to  be  a  siliceous  limestone  or  highly  calcareous  chert. 
The  siliceous  residue,  after  being  washed  and  dried,  is  a  porous 
granular  rock  closely  resembling  a  poor  grade  of  tripoli.  It  seems 
most  likely  that  the  tripoli  deposits  were  formed  by  the  leaching 
of  the  lime  from  some  such  bed  as  this.  If  so,  this  would  explain 
the  massive  character  and  the  localization  of  the  tripoli,  as  well 
as  the  absence  of  fossils.  Such  a  rock  would  be  subject  to  the  same 
concretionary  processes  as  other  limestones,  and  chert  lenses  and 
nodules,  once  formed,  would  show  a  much  greater  resistance  to  solu- 
tion or  leaching  than  the  body  of  the  rock,  and  apparently  would 
remain  much  as  they  are  now  found  in  the  tripoli.  The  cherty 
slickensides  likewise  afford  corroboration  of  this  view.  Thus  the 
original  calcareous  chert  adjacent  to  the  slickensides  might  readily 
be  silicified  by  water  entering  along  the  crevice,  and  this  cherty 
seam  would  persist  when  the  body  of  the  rock  was  altered  to  tripoli. 
On  the  other  hand,  if  we  assume  that  the  original  rock  was  chert, 
it  seems  unlikely  that  the  area  which  would  be  entirely  unaffected 
by  the  decomposition  and  weathering  would  lie  along  openings  that 
permitted  free  access  to  the  circulating  water. 

QUARRYING. 

In  quarrying  these  deposits,  after  the  mantle  of  2  or  3  feet  or  more 
of  clay,  gravel,  and  residual  chert  is  stripped  from  the  tripoli,  ver- 
tical channels  12  inches  wide  are  cut  to  the  bottom  of  the  deposit,  or 
to  such  depth  as  is  desired.  These  channels  are  easily  made  with  a 
light  pick  of  ordinary  shape.  Where  the  rock  is  much  cut  up  by 
fissures  and  clay  seams,  the  channels  are  cut  along  the  most  promi- 
nent of  these  joints,  to  lose  as  little  as  possible  of  the  dimension  stone. 
Two  such  channels,  several  feet  apart,  are  run  into  the  quarry  face 
as  far  as  it  is  desired  to  loosen  the  stone.  A  2-inch  hole  is  then 
drilled  between  the  ends  of  the  channels,  filled  with  unslacked  lime, 
and  tamped.  By  absorption  of  quarry  sap  the  lime  is  slacked,  swells, 
and  lifts  the  stone,  the  steadily  increasing  pressure  having  a  tend- 
ency to  loosen  up  the  blocks  along  the  already  existing  joints  rather 
ihan  to  make  new  fractures.    The  shape  and  size  of  the  blocks  thug 

47076— Bull.  340—08 ^28 
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obtained  depend  on  the  number  and  attitude  of  the  joints.  The 
larger  blocks  of  good  quality  are  sent  directly  to  the  filter  shop. 
Spalls  and  pieces  unsuitable  for  filters  are  sent  to  the  dry  sheds,  to 
be  later  ground  into  tripoli  flour.  When  rock  for  grinding  only  is 
desired,  that  is  to  say,  when  it  is  too  much  jointed  or  for  some  other 
reason  is  unsuitable  for  filter  stones,  powder  is  used  instead  of  lime 
in  raising  the  rock,  as  it  gives  blocks  of  smaller  size  and  saves  some 
hand  breaking  before  crushing. 

Where  the  rock  is  not  so  closely  beset  with  joints  and  fractures, 
narrow  2-inch  cross  channels  are  cut  the  length  of  the  handle  with 
a  narrow-eyed  pick,  the  eye  being  no  wider  than  the  cutting  edge 
of  the  pick.  In  this  way  pieces  of  regular  dimensions  are  obtained. 
Blocks  2  by  2  by  5  feet  are  as  large  as  are  ordinarily  desired. 

It  seems  that  channeling  machines,  such  as  are  used  in  quarrying 
massive  limestones,  might  be  advantageously  employed  in  those  quar- 
ries where  there  is  not  so  much  jointing.  Special  care  would  need 
to  be  taken  to  keep  the  channel  clear  of  the  muck  formed  of  the  com- 
minuted tripoli. 

* 

FILTER  STONES. 

The  rough  blocks  from  the  quarry  are  taken  direct  to  the  mill, 
where  they  are  sawed  up  into  blocks  of  the  proper  dimensions  to  be 
turned  into  filter  stones  of  various  shapes  and  sizes.  In  practice  it 
was  found  that  the  "  set "  of  an  ordinary  circular  saw  soon  wore 
down  to  the  thickness  of  the  body  of  the  saw,  when  it  would  cramp. 
With  a  saw  set  with  diamond  teeth,  the  setting  of  the  diamonds  soon 
wore  loose  under  the  abrasion  of  the  stone.  A  wire  saw  was  likewise 
tried  without  success.  A  special  form  of  saw,  which  is  thoroughly 
satisfactory,  consists  of  a  simple  disk  in  the  margin  of  which,  at  in- 
tervals of  2  or  3  inches,  slots  slightly  narrowing  toward  the  bottom 
are  cut  to  a  depth  of  three-eighths  of  an  inch.  A  steel  "  tooth,"  five- 
sixteenths  of  an  inch  in  width,  about  five-eighths  of  an  inch  in  length, 
and  just  thick  enough  to  stick  tightly,  is  driven  in  each  slot.  This 
saw  cuts  the  stone  rapidly  and  does  not  clog  up.  The  teeth  are  oc- 
casionally dislodged,  and  at  intervals  those  missing  have  to  be  sup- 
plied. The  stone  as  sawed  is  usually  so  full  of  sap  that  water  oozes 
out  just  in  front  of  the  saw.  The  sawed  blocks  are  air  dried  before 
the  next  step,  which  in  the  case  of  cylindrical  and  tubular  filter  stones 
is  to  make  them  round.  For  this  purpose  a  vertical  sandpaper  disk 
is  employed.  The  end^  of  the  block  are  squared  to  the  proper  length, 
and  the  block  is  placed  lengthwise  between  two  centers,  which  allow 
it  to  revolve  on  a  vertical  axis  parallel  to  the  face  of  the  disk.  The 
operator  presses  the  corner  edges  successively  against  the  sandpaper, 
revolving  the  block  with  a  motion  opposite  to  that  of  the  disk,  until 


TEIPOLI   DEPOSITS   NEAR  SENECA,  MO.  435 

it  is  roughly  cylindrical.  Then  the  block  is  allowed  to  rotate  freely 
on  its  axis,  the  motion  being  communicated  by  the  disk,  and  the 
diagonal  attrition  rapidly  produces  a  perfect  cylinder.  Filter  stones 
of  special  shapes  are  produced  on  regular  turning  lathes  and  special 
boring  machines.  Defective  blocks  and  trimmings,  as  well  as  lathe 
dust  picked  up  by  the  dust  collector,  go  to  the  tripoli  flour  mill. 

TRIPOLI  FLOUR. 

Spalls  and  small  or  waste  blocks  from  the  quarry,  together  with 
waste  from  the  filter  mill,  after  having  been  thoroughly  dried  for  two 
or  three  weeks,  are  crushed,  ground  on  buhrs,  and  bolted  by  machinery 
of  simple  flouring-miU  type.  Two  grades  are  marketed,  depending 
on  the  degree  of  fineness.  The  grade  O.  G.  (once  ground)  will  pass 
through  a  No.  60  wire  mesh,  and  the  grade  D.  G.  (double  ground) 
passes  through  a  No.  140  mesh  or  a  No.  14  silk  bolting  cloth.  Three 
colors  of  the  flour  are  made — ^"  white,"  "  cream,"  and  "  rose."  These 
colors  are  obtained  by  hand  sorting  the  blocks  in  the  dry  sheds,  those 
blocks  with  the  most  iron  stain  making  the  "  rose  "  flour,  and  the 
mixed  and  spotted  blocks  making  the  cream  colored.  The  bolted 
product  is  sacked  or  barreled  and  shipped  just  as  ordinary  flour. 

PRODUCTIO:Nr. 

According  to  published  reports  from  various  sources,  the  produc- 
tion has  increased  from  less  than  200  tons  of  tripoli  flour  in  1888  to 
1,000  tons  in  1893,  1,375  tons  in  1894,  and  4,000  to  5,000  tons  in  recent 
years.  Figures  are  not  available  for  the  tonnage  of  rough  tripoli 
blocks  worked  up  into  filter  stones  in  previous  years,  but  for  1906  it 
was  approximately  600  tons.  The  present  price  of  tripoli  flour  f .  o.  b. 
cars  at  Seneca  is  from  $6  to  $7  per  ton.  It  is  impossible  to  put  a 
unit  price  on  the  finished  filter  stone,  the  price  of  the  individual  pieces 
varying  with  the  size  and  the  amount  of  work  done  on  each.  The 
value  of  the  combined  production  of  tripoli  flour  and  filter  stones 
was,  in  1893,  $25,000;  in  1894,  $35,500;  in  1905,  $50,000;  in  1906, 
approximately  $60,000.  According  to  report,  about  40  per  cent  of 
the  flour  is  exported  to  foreign  countries. 

USES. 

Tripoli  stone  has  a  moderate  sale  for  blotter  blocks  and  scouring 
bricks,  but  the  important  use  is  for  filter  purposes.  The  local  mills 
turn  out  the  filter  stones  in  shapes  and-  quantities  to  suit  the  manu- 
facturers of  filters.  The  size  ranges  from  the  ordinary  house  filter 
to  single  filters  with  a  capacity  of  400  gallons  per  hour,  or  batteries 
of  such  filters  with  any  desired  capacity.  For  such  purposes  ocular 
evidence  proves  that  tripoli  stone  will  remove  much  of  the  matter^ 


486         CONTBIBUTIONS  TO  ECONOMIC   GEOLOGY,  1907,  PABT  I. 

mechanicaUy  suspended.  As  pathogenic  germs  infesting  waters  are 
largely  attached  to  such  suspended  matter,  it  follows  that  they  would 
be  likewise  removed.  Bacteriological  examination  of  water  before 
and  after  its  passage  through  tripoli  filters,  it  is  claimed,  demonstrates 
the  sterilizing  efficiency  of  the  stone. 

Tripoli  flour  is  used  as  an  abrasive,  for  general  polishing,  burnish- 
ing, and  buffing.  It  is  used  also  as  an  ingredient  of  various  scouring 
soaps.  Unsuccessful  attempts  have  been  made  to  mold  filter  stones 
from  tripoli  flour  to  which  a  binder  has  been  added,  but  in  all  experi- 
ments so  far  the  binding  agent  has  fatally  impaired  the  porosity  of 
the  filter. 

Formerly  diatomaceous  earth  (kieselguhr)  was  used  as  the  ab- 
sorbent base  in  the  manufacture  of  dynamite.  In  recent  years  this 
inert  base  has  been  superseded  by  a  compound  of  sodiimi  nitrate,  wood 
pulp,  marble  dust,  and  various  other  substances,  which  has  the  ad- 
vantage of  entering  into  the  combustion  of  the  explosive.  A  rough 
estimate  of  the  additional  force  thus  gained  places  it  at  5  per  cent* 
The  cost  of  diatomaceous  earth  is  from  $25  to  $30  or  more  per  ton, 
depending  on  the  shipping  distance.  Wood  pulp  costs  $30  per  ton, 
or  more,  and  is  constantly  advancing  in  price.  The  price  of  tripoli 
flour,  finely  bolted,  sacked,  and  hauled  to  the  railway,  as  shown  above, 
is  between  $6  and  $7  per  ton.  Merely  ground,  unbolted,  hauled  in 
bulk  from  the  mill,  the  flour  could  be  laid  down  at  the  two  powder 
plants  in  the  vicinity  of  Joplin  for  approximately  half  that  sum. 
It  is  believed  that  tripoli  flour  might  be  substituted  for  the  wood 
pulp,  either  in  whole  or  in  part,  without  materially  impairing  the 
explosive  value  of  the  compound,  at  a  possible  saving  of  $3  or  $4 
per  ton  in  the  cost  of  the  powder.  If  experience  should  show  a  serious 
impairment,  it  is  believed  that  this  could  be  remedied  by  the  ad- 
dition of  more  nitroglycerine  and  that  there  would  still  be  a  notable 
saving.  As  the  Joplin  plants  have  a  combined  daily  production  of 
about  30  tons  of  dynamite,  it  seems  that  the  point  is  t)ne  worthy  of 
consideration. 

FIRMS    EINTGAGED    IN    THE    INDUSTRY. 

The  American  Tripoli  Company  is  the  largest  as  well  as  the  pioneer 
company  in  the  industry,  having  erected  a  grinding  mill  in  1887,  to 
which  was  soon  added  machinery  for  the  manufacture  of  filter  stones. 
This  grinding  mill,  variously  enlarged  and  remodeled,  is  in  use  to- 
day, and  has  a  daily  capacity  of  15  tons  of  tripoli  flour.  It  is 
situated  on  the  highland  just  east  of  the  Missouri-Oklahoma  State 
line,  a  mile  north  of  Seneca,  and  the  quarries  are  near  by  on  each 
side  of  the  line.  In  1905  the  Seneca  Filter  Works,  established  in 
1894,  were  absorbed  by  this  company,  which  thenceforward  carried 
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on  the  filter  business  at  the  new  plant.  In  1907  the  company  built 
in  Seneca,  adjacent  to  the  Frisco  Railroad,  a  new  and  much  larger 
mill,  though  of  the  same  type  as  the  original  mill.  The  new  mill  is 
equipped  with  two  crushers,  five  runs  of  vertical  buhrs,  20  sieve  reels, 
flour  packers,  etc.,  and  has  a  capacity  of  30  tons  per  ten-hour  day, 
power  being  furnished  by  a  150-horsepower  boiler  and  a  100-horse- 
power  engine.  In  this  plant  the  attempt  is  made  by  the  installation 
of  large  dust  collectors  and  by  hidden  journals  to  lessen  as  far  as 
possible  the  friction  and  wear  due  to  flying  tripoli  dust.  It  is 
planned  to  double  the  capacity  of  the  filter  works  and  consolidate 
them  with  the  mill.  The  company  also  owns  80  acres  of  land  with 
tripoli  quarries  in  the  Racine  district  just  south  of  the  National 
Filter  Company's  quarry. 

Filter  works  at  Racine,  Mo.,  have  been  operated  in  connection 
with  the  tripoli  quarries  2  miles  south  of  that  place  for  a  number 
of  years.  The  National  Tripoline  Company  built  a  tripoli  mill  at 
Kirkwood,  Mo.,  in  1904,  to  operate  the  same  quarry,  but  it  was  shut 
down  after  a  few  months.  A  reorganization  under  the  name  Racine 
Tripoli  Company  was  effected  in  1907.  Water  power  was  secured 
just  south  of  Racine  station,  and  it  is  planned  to  start  a  tripoli  flour 
mill  shortly. 

The  Elijah  A.  Brown  Tripoli  Company  during  1907  completed 
a  small  new  mill  3  miles  due  south  of  Racine.  It  is  equipped  with 
a  crusher,  run  of  buhrstones,  sieve  reel,  saw,  sandpaper  disk,  and 
boring  machine.  Though  small  it  is  complete  and  will  turn  out 
both  filter  stones  and  tripoli  flour.  The  company  owns  120  acres  of 
land  on  which  are  good  deposits  of  fine-grained  tripoli. 

The  National  Filter  Company  owns  80  acres  in  the  Racine  tripoli 
district.  It  quarries  out  the  tripoli  stone  in  large  blocks,  2  by  2  by 
4  or  5  feet  in  size,  which  are  shipped  to  the  firm's  manufacturing 
plant  in  Chicago,  111.  Only  the  drying  sheds  and  quarry  machinery 
are  located  at  the  quarries.  Owing  to  the  practical  absence  of  joints 
and  clay  seams,  no  blasting  is  done  at  this  quarry,  the  rock  being 
wholly  quarried  out  with  hand  picks. 

C.  C.  Martin  &  Son  own  a  quarry  in  the  Racine  district,  and  make 
odd  lots  of  filter  stones  to  order  on  an  ordinary  turning  lathe. 

Other  tracts  of  land  near  the  quarries  above  described  are  known 
to  be  underlain  by  tripoli  stone  of  good  quality,  but  the  quarries  men- 
tioned comprise  all  that  are  now  in  operation. 
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PHOSPHATE  DEPOSITS  IN  THE  WESTERN  UNITED  STATES. 


By  F.  B.  Weeks. 


INTRODUCTION^. 

The  field  work  on  the  western  phosphate  deposits  in  1907  occu- 
pied about  six  weeks  in  August  and  September.  It  has  been  con- 
sidered advisable  that  a  brief  statement  of  progress  be  prepared  for 
publication,  to  be  followed  later  by  a  detailed  report  to  be  published 
as  a  separate  bulletin.  The  present  report  will,  therefore,  be  limited 
to  a  general  description  of  the  field  developments  in  1907  and  the 
various  conditions  which  affect  the  industry .<* 

THE   PHOSPHATE   SERIES. 

GENERAL   CHARACTERISTICS. 

The  phosphate-bearing  series  ranges  from  60  to  over  100  feet  in 
thickness.  The  main  phosphate  bed,  which  is  the  one  of  commercial 
importance  under  present  conditions,  usually  occurs  at  the  base  of 
the  series  and  is  from  5  to  6  feet  thick.  It  is  almost  entirely  oolitic  in 
structure,  the  small,  black,  well-rounded  grains  being  readily  dis- 
tinguishable in  the  hand  specimen.  There  is  very  little  matrix  ma- 
terial, and  it  effervesces  slightly  with  hydrochloric  acid.  The  lower 
part  of  the  bed  is  hard  and  blocky ;  its  upper  part  is  softer  and  more 
shaly.  The  material  has  a  bituminous  odor  which  in  early  days  was 
taken  to  indicate  the  presence  of  oil  or  coal,  and  considerable  pros- 
pecting was  done  to  find  these  materials.  This  bed  averages  high 
in  its  content  of  PgOg  and  the  whole  bed  is  mined  and  shipped. 

Above  the  main  phosphate  bed  there  are  alternating  layers  of 
phosphate,  limestone,  and  shale.  Some  of  the  phosphatic  beds,  a 
few  inches  thick,  show  a  high  percentage  of  PjOg,  but  they  can  not 

«  For  a  preliminary  paper  on  these  deposits,  Including  considerable  general  information 
in  regard  to  them,  see  Bull.  U.  S.  Geol.  Survey  No.  315,  1907,  pp.  449-462. 
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be  mined  separately,  and  at  present  there  is  no  practicable  method 
of  separating  the  valuable  material  from  the  waste.  In  the  upper 
and  middle  portions  of  the  series  there  are  also  large  lime  nodules 
associated  with  shaly  material.  The  upper  part  of  the  phosphate 
series  is  shaly  in  structure  and  contains  a  much  larger  proportion  of 
impurities. 

The  general  character  of  the  series  is  very  persistent,  and,  as  a  rule, 
the  rocks  are  easily  recognized  where  exposed.  A  prominent  excep- 
tion occurs  at  the  Hot  Springs  locality,  in  Idaho,  on  the  eastern  side 
and  near  the  north  end  of  Bear  Lake.  Here  a  considerable  part  of 
the  lower  portion  of  the  series  has  become  so  completely  silicified 
and  the  beds  have  been  so  displaced  by  faulting  that  it  is  difficult  to 
recognize  their  original  character. 

GEOGRAPHICAL  DISTRIBUTION. 

The  phosphate  series  has  been  found  in  nearly  every  mountain 
range  from  central  Utah  to  eastern-central  Idaho  and  in  western 
Wyoming.  The  beds  are  in  many  localities  tilted  at  high  angles,  and 
the  area  of  outcrop  is  then  correspondingly  small.  Where  the  dip  is 
low  the  series  usually  forms  a  considerable  portion  of  a  mountain- 
slope  and  is  covered  by  soil. 

UTAH. 

A  few  miles  northeast  of  Thistle  Junction,  Utah  County,  Utah,  a 
bed  of  phosphate  12  to  18  inches  thick  has  been  found.  In  the  vicin- 
ity of  Midway,  on  the  east  side  of  the  Wasatch  Range,  and  in  one 
of  the  canyons  east  of  Salt  Lake  City,  a  bed  of  about  the  same  thick- 
ness and  character  occurs.  These  beds  are  not  commercially  valua- 
ble. The  phosphate  series,  having  a  thickness  of  60  to  90  feet,  is 
exposed  in  Weber  Canyon,  and  the  side  gulches  from  1^  to  3  miles 
west  of  Devils  Slide  station,  on  the  Union  Pacific  Railroad.  From 
this  point  northward  the  beds  become  of  economic  importance,  their 
present  value  depending  on  their  accessibility.  The  next  kno^vn 
locality  toward  the  north  is  about  IG  miles  west  of  Woodruff.  The 
series  is  extensively  exposed  on  the  western  slopes  of  the  Crawford 
Mountains,  along  the  Utah-Wyoming  boundary.  During  the  last 
year  a  new  discovery  has  been  reported  in  the  high  ridge  east  of 
Bear  Lake  about  10  miles  northeast  of  Laketown. 

WYOMING. 

The  northern  extension  of  the  phosphate  beds  exposed  in  the  Craw- 
ford Mountains  has  been  found  in  the  low  isolated  hills  3  miles  west 
of  Sage,  Wyo.  The  series  also  occurs  several  miles  northeast  of  this 
railroad  station  along  the  slopes  of  Rock  Creek.  Two  miles  east  of 
Cokeville  the  beds  are  exposed  on  the  north  side  of  Smith  Fork  and 
they  follow  the  trend  of  the  Sublette  Range  northward  for  a  distance 
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of  25  miles.    To  the  north  the  extension  of  the  same  belt  lies  on  both 
sides  of  the  Salt  River  valley. 

IDAHO. 

In  Idaho  the  most  southerly  outcrop  of  the  phosphate  beds  occurs 
near  the  Hot  Springs,  on  the  eastern  side  of  Bear  Lake  near  its  north 
end.  The  beds  are  extensively  exposed  in  the  Preuss  Range  east  of 
Montpelier,  and  follow  the  trend  of  this  range  northward  until  they 
pass  beneath  the  lavas  of  the  Snake  River  plain.  Reports  have  been 
received  that  the  beds  occur  on  the  western  slope  of  the  Bear  River 
Range  in  the  vicinity  of  Paris. 

GEOLOGIC  OCCURRENCE. 

The  general  character  and  sequence  of  the  Paleozoic  sedimentary 
strata  of  this  region  are  given  in  the  following  section : 

Section  of  Paleozoic  strata  in  southeastern  IdahOy  southwestern  Wyoming^  and 

northeastern  Utah, 
Carboniferous : 

Mostly  light-colored  limestones;  phosphate  beds  near' base. 

Series  of  red,  white,  and  green  quartzites  and  sandstones. 

Massive  blue  and  gray  limestones. 
Devonian : 

Limestone,  where  present. 
Silurian : 

Thin-bedded  limestone,  where  present. 
Ordovician : 

White  and  green  quartzites. 

Light-colored,  generally  thiclc-bedded  limestone. 
Cambrian : 

Thin-bedded  blue  and  gray  limestone. 

Quartzites,  mainly  white  in  some  areas,  purple  in  others. 

The  phosphate  series,  as  shown  in  the  above  section,  occurs  in  the 
lower  part  of  the  upper  division  of  the  Carboniferous  strata.  The 
underlying  sandstones  and  quartzites  are  usually  exposed  and  the 
phosphate  series  lies  approximately  200  to  400  feet  above  it.  The 
lithologic  character  of  the  series  renders  it  very  susceptible  to  erosion 
and  its  outcrop  is  usually  concealed  by  soil  or  slide  material.  A  care- 
ful study  of  the  overlying  and  underlying  strata  and  the  occurrence 
of  phosphate  float  will  generally  indicate  the  position  of  the  phos- 
phate beds. 

DEVEIiOPMENTS  IN  190T. 

xVt  the  time  the  previous  report  was  prepared,  about  the  close  of 
the  year  1906,  an  average  of  2  carloads  of  phosphate  per  day  was 
shipped  from  Montpelier,  Idaho,  by  the  San  Francisco  Chemical 
Company.  It  was  found  that  the  margin  of  profit  after  paying  the 
freight  charges  was  too  small  to  warrant  the  continuation  of  gpera- 
tions  and  the  work  was  discontinued.     The  period  of  shipments 
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extended  from  September,  1906,  to  March,  1907.  It  is  doubtful  if 
there  is  another  locality  where  mining  and  transportation  can  be 
carried  on  at  less  cost  than  at  Montpelier.  The  result  indicates 
that  the  successful  exploitation  of  the  phosphate  deposits  depends 
in  large  measure  on  the  cost  of  transportation  from  the  field  to  the 
consumer.  The  operations  of  the  Bradley  Brothers  near  Sage  and 
of  the  Union  Phosphate  Company  near  Cokeville,  Wyo.,  corroborate 
the  above  statement. 

Development  during  the  summer  of  1907  was  for  the  most  part 
limited  to  the  annual  assessment  work.  In  the  greater  number  of 
localities  this  consisted  of  digging  shallow  trenches  to  expose  the 
phosphate  series  where  covered.  Considerable  work  was  done  in  the 
Crawford  Mountains  for  the  purpose  of  securing  a  patent  to  the 
ground.  In  the  Preuss  Range  in  Idaho  the  phosphate  field  was 
shown  to  extend  northward  to  Blackfoot  River. 

CONDITIONS  AFFECTING  THE  INDUSTRY. 

In  considering  the  question  of  the  commercial  value  of  the  western 
phosphate  beds  three  important  factors  should  be  borne  in  mind — (1) 
other  sources  of  supply  that  will  be  brought  into  competition,  (2)  the 
local  and  physical  conditions  which  determine  the  cost  of  production, 
and  (3)  markets, 

COMPETING  FIELDS. 

The  production  of  the  South  Carolina  phosphate  field  has  steadily 
declined  for  several  years  and  it  seems  probable  that  this  decline  will, 
continue. 

The  increase  in  production  from  the  Tennessee  field  has  been  con- 
siderable, but  has  been  due  to  added  facilities  rather  than  to  new  dis- 
coveries or  extension  of  the  phosphate-producing  area.  At  the  present 
time  the  life  of  this  field  can  not  be  estimated,  but  it  Avill  continue  to 
be  an  important  factor  in  the  phosphate  industry  for  a  number  of 
years. 

The  extent  of  the  Arkansas  phosphate  field  is  not  definitely  known. 
The  production  to  the  present  time  has  been  small.  It  apparently 
contains  an  important  bed  of  phosphate  which  in  the  future  may  come 
into  competition  with  the  product  of  the  western  field. 

The  production  from  the  Florida  phosphate  field  has  steadily  in- 
creased until  it  now  amounts  to  1,300,000  tons  per  annum.  It  appears 
to  be  the  consensus  of  opinion  that  this  field  can  not  be  greatly  ex- 
tended. The  present  rate  of  production  may  be  continued  or  even  in-- 
creased,  but  this  will  be  due  to  added  facilities  rather  than  to  new 
discoveries. 

LOCAL  CONDITIONS. 

Among  local  conditions  which  affect  the  industry  as  a  commercial 
enterprise  are  the  topography  and  geologic  structure  of  the  region. 


THE   WESTERN   PHOSPHATES.  445 

Where  variations  in  elevation  are  considerable  so  that  the  material 
can  be  handled  by  machinery  run  by  gravity,  the  cost  of  mining  is 
much  less  than  in  a  region  where  it  must  be  elevated.  The  continuity 
of  the  beds  and  their  angle  of  dip  materially  affect  the  cost  of  han- 
dling the  phosphate  and  the  amount  of  timbering  that  must  be  done. 
The  most  favorable  situation,  and  one  which  is  of  rare  occurrence,  is 
found  where  the  beds  dip  with  the  surface  slope  and  the  strata  over- 
lying the  phosphate  have  been  removed  by  erosion.  In  such  a  locality 
the  work  is  quarrying  rather  than  mining. 

At  present  most  of  the  main  phosphate  bed,  5  to  6  feet  in  thick- 
ness, is  being  worked,  and  this  constitutes  a  small  part  of  the  phos- 
phate series.  The  remainder  consists  of  interbedded  thin  layers  of 
limestone,  shale,  and  phosphate,  no  part  of  which  can  be  mined 
separately  because  the  waste  or  low-grade  material  would  reduce  the 
average  content  of  PgOg  below  a  paying  basis.  The  most  pressing 
need,  which  if  successfully  met  will  increase  the  possible  prodiii^tion 
of  this  field  to  an  enormous  extent,  is  a  process  which  will  sepazate 
the  thin  phosphatic  layers  from  the  associated  lime  and  shale  and 
also  concentrate  the  low-grade  material.  The  possibilities  of  pro- 
duction from  this  field  can  hardly  be  realized  until  an  attempt  is 
made  to  estimate  the  amount  of  phosphate  rock  in  a  given  area.  To 
this  must  be  added  the  acid,  which  forms  about  one-half  the  bulk  of 
the  treated  rock. 

Accessibility  to  the  railroad  is  another  important  factor  affecting 
cost  of  operations.  Wagon  roads  in  a  mountainous  region  are  ex- 
pensive in  first  cost  and  in  subsequent  maintenance.  Heavy  snow- 
falls are  liable  to  interfere  with  transportation.  In  some  localities 
it  will  be  possible  to  develop  water  power  to  generate  electricity  for 
operating  tramways  and  electric  railways  to  transfer  the  material  to 
the  steam  roads. 

In  any  mining  enterprise  where  the  bulk  of  material  to  be  handled 
is  large  and  its  relative  value  small,  local  and  physical  conditions 
frequently  determine  whether  it  can  be  made  profitable.  A  careful 
study  of  these  factors  in  some  of  the  recent  attempts  to  work  these 
phosphate  beds  would  have  shown  that  under  present  conditions  or 
those  which  are  likely  to  exist  for  a  number  of  years  the  enterprise 
could  not  be  made  a  financial  success. 

MARKETS. 

At  the  present  time  the  raw  phosphate  rock  must  be  shipped  by 
rail  to  the  Pacific  coast  and  there  manufactured  into  a  commercial 
fertilizer.  The  home  market  is  a  small  but  growing  one  and  is  con- 
fined mainly  to  California.  This  fertilizer  when  shipped  abroad 
comes  into  competition  with  the  product  of  foreign  phosphate 
fields.    With  the  completion  of  the  Isthmian  Canal  it  will  hardly 
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be  possible  for  this  product  to  compete  successfully  with  the  Florida 
phosphate,  at  least  while  the  present  large  output  from  that  State 
is  maintained.  In  order  to  market  the  product  of  the  western 
phosphate  field  successfully  existing  conditions  must  be  materially 
changed,  and  this  seems  possible  only  by  a  considerable  reduction 
in  the  cost  of  rail  transportation. 

This  field  embraces  the  largest  area  of  known  phosphate  beds  in 
the  world,  and  at  some  future  time  it  will  doubtless  furnish  a  large 
part  of  the  world's  production  of  commercial  fertilizer.  The  devel- 
opment of  intensive  farming  as  the  result  of  the  reclamation  of  arid 
lands  in  the  West  will  afford  an  increasing  home  market. 

MINERAL  liOCATION^S  UlSrDER  THE  PRESENT  MINING 

XiAWS. 

The  mining  laws  of  the  United  States  do  not  adequately  provide 
for  locating  beds  of  phosphate  or  other  beds  of  economic  value  hav- 
ing a  similar  occurrence  and  origin.  The  phosphate  beds  must  be 
entered  as  placer  or  lode  locations,  but  they  do  not  properly  belong  in 
either  class.  It  may  therefore  be  desirable  to  consider  briefly  the 
characteristics  of  lode  and  placer  deposits. 

A  lode  is  formed  by  the  deposition  and  concentration  of  metallic 
substances  from  mineral-bearing  solutions  circulating  in  the  crevices 
of  a  rock  mass.  It  is  therefore  a  process  taking  place  subsequent  to 
the  formation  of  the  material  with  which  it  is  associated  or  of  which 
it  forms  a  part.  A  placer  is  formed  of  material  which  results  from 
disintegration  and  erosion  of  a  rock  surface  and  which  by  the  aid  of 
gravity  and  running  water  is  removed  to  a  lower  level  and  spread  out 
as  a  covering  of  the  underlying  material.  The  formation  of  a  lode 
is  largely  the  result  of  chemical  and  mechanical  action,  whereas  the 
formation  of  a  placer  takes  place,  for  the  most  part,  by  mechanical 
action  and  in  a  measure  resembles  the  formation  of  a  sedimentary 
stratum.  A  lode  varies  in  width  but  is  generally  confined  to  so- 
called  "  walls."  A  placer  may  and  usually  does  have  a  larger  areal 
extent,  but  this  is  limited  by  the  carrying  power  of  the  running  water 
by  which  it  was  formed. 

The  western  phosphate  beds  were  probably  deposited  on  the  ocean 
bottom  as  a  part  of  the  sediments  which  had  been  brought  down  from 
a  land  surface  subjected  to  erosion  during  a  long  period  of  geologic 
time  and  were  in  part  also  the  result  of  chemical  precipitation  in  the 
ocean  waters  during  the  same  time.  They  therefore  constitute  a  part 
of  the  sedimentary  strata  of  the  earth's  crust.  By  warping  and  fold- 
ing of  the  crust  the  strata  have  become  land.  They  are  therefore 
bedded  deposits  covering  a  wide  extent  of  territory,  and  they  differ 
materially  in  origin  and  formation  from  either  lode  or  placer 
deposits. 
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If  the  phosphate  beds  were  located  as  lodes  it  would  be  possible, 
according  to  the  present  interpretation  of  the  law,  to  follow  these 
beds  for  long  distances  and  therefore  defeat  the  implied  purpose  of 
the  law.  If  located  as  placers  the  limits  of  a  claim  would  be  deter- 
mined by  the  areal  extent  of  the  surface,  which  the  law  defines.  It 
would  appear,  therefore,  that  to  comply  with  the  spirit  of  existing 
mining  law  the  phosphiate  beds  should  be  located  as  placers. 

In  actual  practice  locations  have  been  made  both  as  lodes  and 
placers,  and  in  some  instances  both  forms  of  locations  have  been  made 
on  the  same  ground.  To  avoid  useless  expenditure  of  time  and  money 
and  legal  controversies  in  the  future  it  seems  desirable  that  a  deci- 
sion should  be  made  that  would  determine  the  form  of  entry  for 
which  patent  to  the  ground  could  be  obtained.  One  precedent  has 
been  made  by  granting  patent  to  phosphate  ground  as  a  placer,  but 
it  was  specifically  stated  in  the  decision  that  this  applied  only  to  the 
patent  in  question,  and  it  can  not  therefore  be  considered  as  an 
established  precedent. 


SURVEY  PUBLICATIONS  ON  PHOSPHATES  AND  OTHER 

MINERAL  FERTILIZERS. 


The  following  papers  relating  to  phosphates,  gypsum  (land  plaster) , 
and  other  mineral  materials  used  as  fertilizers  have  been  publishecj  by 
the  United  States  Geological  Survey  or  by  members  of  its  staff.  Fur- 
ther references  will  be  found  under  the  head  of  "  Gypsum." 

Adams,  G.  I.,  and  others.  Gypsum  deposits  in  the  United  States.  BuUetin 
No.  223.    127  pp.    1904. 

Darton,  N.  H.  Notes  on  the  geology  of  the  Florida  phosphates.  In  Am.  Jour. 
Sci.,  3d  ser.,  vol.  41,  pp.  102-105.    1891. 

Eckel,  E.  C.  Recently  discovered  extension  of  Tennessee  white-phosphate 
field.    In  Mineral  Resources  U.  S.  for  1900,  pp.  812-813.    1901. 

Utilization  of  iron  and  steel  slags.    In  Bulletin  No.  213,  pp.  221-231. 

1903. 

The  white  phosphates  of  Decatur  County,  Tenn.    In  Bulletin  No.  213, 

pp.  424-^25.     1903. 

Bldbidge,  G.  H.  a  preliminary  sketch  of  the  phosphates  of  Florida.  In 
Trans.  Am.  Inst.  Min.  Eng.,  vol.  21,  pp.  196-231.    1893. 

Ferbier,  W.  F.     (See  Weeks,  F.  B.,  and  Ferrier,  W.  F.) 

Hayes,  C.  W.  The  Tennessee  phosphates.  In  Sixteenth  Ann.  Rept,  pt.  4, 
pp.  610-630.    1895. 

The  Tennessee  phosphates.     In  Seventeenth  Ann.  Rept.,  pt.  2,  pp. 

1-38.    1896. 

The  white  phosphates  of  Tennessee.    In  Trans.  Am.  Inst.  Min.  Eng., 

vol.  25,  pp.  19-28.     1896. 

A  brief  reconnaissance  of  the  Tennessee  phosphate  field.  In  Twen- 
tieth Ann.  Rept.,  pt.  6,  pp.  633-638.    1899. 

The  geological  relations  of  the  Tennessee  brown  phosphates.     In 

Science,  vol.  12,  p.  1005.    1900. 

Tennessee  white  phosphate.     In  Twenty-first  Ann.  Rept,  pt  3,  pp. 

473^85.    1901. 

Origin  and  extent  of  the  Tennessee  white  phosphates.     In  Bulletin 

No.  213,  pp.  418-423.     1903. 

Ihlseng,  M.  C.  a  phosphate  prospect  in  Pennsylvania.  In  Seventeenth  Ann. 
Rept.,  pt.  3,  pp.  955-957.    1896. 

Memminger,  C.  G.  Commercial  development  of  the  Tennessee  phosphates.  In 
Sixteenth  Ann.  Rept.,  pt.  4,  pp.  631-635.    1895. 

Moses,  O.  A.  The  phosphate  deposits  of  South  Carolina.  In  Mineral  Re- 
sources U.  S.  for  1882,  pp.  504-521.    1883. 

Obton,  E.    Gypsum  or  land  plaster  in  Ohio.    In  Mineral  Resources  U.  S.  for 
1887,  pp.  596-Wlf    1888, 
448 


SURVEY  PUBLICATIONS   ON   PHOSPHATES,   ETC.  449 

Penrose,  R.  A.  F.  Nature  and  origin  of  deposits  of  phosphate  of  lime.  Bul- 
letin No.  46.    143  pp.    1888. 

Purdue,  A.  H.  Developed  phosphate  deposits  of  northern  Arkansas.  In  Bul- 
letin No.  315,  pp.  463^73.    1907. 

Stose,  G.  W.  Phosphorus  ore  at  Mount  Holly  Springs,  Pennsylvania.  In 
Bulletin  No.  315,  pp.  474-^83.    1907. 

Phosphorus.     In  Mineral  Resources  U.  S.  for  1906,  pp.  1084-1090. 

1907. 

Stubbs,  W.  C.  Phosphates  of  Alabama.  In  Mineral  Resources  U.  S.  for 
3883-84,  pp.  794-803.     1885. 

Weeks,  F.  B.,  and  Ferrier,  W.  F.  Phosphate  deposits  in  western  United 
States.    In  Bulletin  No.  315,  pp.  449-462.    1907. 

Wilber,  F.*A.  Greensand  marls  in  the  United  States.  In  Mineral  Resources 
U.  S.  for  1882,  pp.  522^526.    1883. 

47076— Bull.  340—08 ^29 


SALINES. 

SURVEY  PUBLICATIONS  ON  SALINES,  INCLUDING  SALT, 

BORAX  AND  SODA. 


The  more  important  publications  of  the  United  States  Geological 
Survey  on  the  natural  lime,  sodium,  and  potassium  salts  included  in 
this  group  are  the  following: 

Campbell,  M.  R.  Reconnaissance  of  the  borax  deposits  of  Death  Valley  and 
Mohave  Desert.     Bulletin  No.  200.    23  pp.     1902. 

Borax  deposits  of  eastern  California.     In  Bulletin  No.  213,  pp.  401- 

405.     1903. 

Chatabd,  T.  M.  Salt-making  processes  in  the  United  States.  In  Seventh 
Ann.  Rept.,  pp.  491-535.     1888. 

Dabton,  N.  H.  Zufil  salt  deposits,  New  Mexico.  In  Bulletin  No.  260,  pp.  565- 
566.     1905. 

Day,  W.  C.  Potassium  salts.  In  Mineral  Resources  U.  S.  for  1887,  pp.  628- 
650.     1888. 

Sodium  salts.     In  Mineral  Resources  U.  S.  for  1887,  pp.  651-658. 

1888. 

Eckel,  E.  C.  Salt  and  gypsum  deposits  of  southwestern  Virginia.  In  Bulletin 
No.  213,  pp.  406-416.     1903. 

Salt  industry  of  Utah  and  California.     In  Bulletin  No.  225,  pp.  488- 

495.     1904. 

HiLOABD,  E.  W.  The  salines  of  Louisiana.  In  ^lineral  Resources  U.  S.  for 
1882,  pp.  554^65.     1883. 

Kindle,  E.  M.  Salt  resources  of  the  Watkins  Glen  district.  New  York.  In 
Bulletin  No.  260,  pp.  567-^72.     1905. 

Packard,  R.  L.  Natural  sodium  salts.  In  Mineral  Resources  U.  S.  for  1893, 
pp.  728-738.    1894. 

Richardson,  G.  B.  Salt,  gypsum,  and  petroleum  iu  traus-Pecos  Texas.  In 
Bulletin  No.  260,  pp.  573-^85.     1905. 

Yale,  C.  G.  Borax.  In  Mineral  Resources  U.  S.  for  3889-1890,  pp.  494-506. 
1902. 

Borax.     In  Mineral  Resources  U.  S.  for  1906,  pp.  1059-1062.     1907. 

450 


SULPHUR  AND  PYRITE. 


SULPHUR  DEPOSITS  AT  CODY,  WYO. 


By  E.  G.  Woodruff. 


rNTRODUCTIOlS'. 

The  paper  here  presented  is  the  result  of  an  investigation  made 
during  the  field  season  of  1907.  The  hot  sulphur  springs  and  traver- 
tine deposits  near  Cody  were  described  by  George  H.  Eldridge,*  of 
the  United  States  Geological  Survey,  in  his  report  on  northwest 
Wyoming.  A  more  recent  account  of  these  deposits  is  given  by 
C.  A.  Fisher,^  also  of  the  Survey,  in  his  description  of  the  Cody 
Hot  Springs,  published  in  a  report  on  the  Bighorn  Basin.  Since  the 
mines  have  been  opened  L.  W.  Trumbull,*'  professor  of  geology  and 
mining  at  the  State  University  of  Wyoming,  has  described  the  occur- 
rence of  the  sulphur  and  explained  the  method  used  to  reduce  the  ore, 

liOCATION^  AND  EXTENT. 

The  deposits  here  described  are  located  about  3  miles  west  of  Cody, 
along  the  base  of  Cedar  Mountain,  on  the  south  side  of  Shoshone 
River,  in  sees.  3  and  10,  T.  52  N.,  R.  102  W.  Though  geologic  condi- 
tions are  favorable  for  the  formation  of  sulphur  both  north  and 
south  of  the  river,  the  deposits  considered  workable  at  the  present 
time  are  confined  to  a  belt  2  miles  long  and  less  than  one-fourth 
mile  wide,  extending  southeastward  from  the  Hot  Springs  along  the 
foot  of  the  mountains  to  Sulphur  Creek.  All  the  mines  now  pro- 
ducing sulphur  are  included  in  a  small  area  a  few  acres  in  extent, 
located  near  the  north  end  of  the  mineralized  zone  south  of  Shoshone 
River.  The  known  area  of  sulphur-bearing  rocks  is  shown  on  the 
accompanying  map  (PI.  VI). 

«  A  geological  reconnaissance  In  northwest  Wyoming :  Bull.  U.  S.  Geol.  Survey  No.  119, 
1894,  p.  67. 

*  Geology  and  water  resources  of  the  Bighorn  Basin,  Wyoming :  Prof.  Paper  U.  S. 
Geol.  Survey  No.  53,  1906,  p.  61. 

«  Sulphur  mining  and  refining :  Mines  and  Minerals,  February,  1907,  p.  314. 
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SURFACE  FEATURES. 

The  area  treated  in  this  pap^r  includes  a  part  of  the  eastern  slope 
of  Cedar  Mountain  and  a  narrow  belt  of  the  adjoining  plains.  Sho- 
shone River  crosses  the  north  end  and  a  branch  of  Sulphur  Creek 
drains  the  southern  part.  Cedar  Mountain  is  the  southern  extension 
of  the  Rattlesnake-Cedar  Mountain  anticline,  which  is  structurally 
a  spur  of  the  Absaroka  Range.  In  this  region  the  anticline  pitches 
sharply  to  the  south,  with  steep,  or  vertical  dips  on  the  west  and 
gentle  dips  on  the  east  of  the  axis.  That  part  of  the  anticline  with 
which  this  report  is  concerned  presents  a  uniformly  dipping  slope 
somewhat  trenched  by  watercourses.  The  plains  adjoining  the  bot- 
tom of  this  dip  slope  constitute  part  of  a  great  gravel  apron  which 
slopes  gently  eastward  froiVi  the  base  of  the  mountains.  Shoshone 
River  crosses  both  the  anticline  and  the  plains,  flowing  through  the 
former  in  a  deep  canyon  and  through  the  latter  in  a  gorge  300  to 
400  feet  wide  and  150  to  200  feet  deep.  There  are,  in  the  area  here 
described,  portions  of  two  terraces  which  form  part  of  a  series  extend- 
ing along  Shoshone  River  and  rising  by  successive  elevations  from 
the  stream  channel  to  the  level  of  the  plains.  The  gravel  plains  are 
covered  near  the  mountains  by  travertine  terraces,  upon  the  surface 
of  which  there  occur  small  cones  and  circular  depressions  character- 
istic of  hot-spring  deposits.     (See  PI.  VI.) 

Such  springs  are  now  active  in  Shoshone  Canyon,  where  the  water 
issues  from  a  number  of  vents  in  crevices  in  the  upper  members  of  the 
Carboniferous  limestone.  Several  of  these  springs  have  their  outlets 
above  the  water  level,  while  others  discharge  beneath  the  river,  and 
are  visible  only  at  periods  of  low  water.  The  waters,  which  issue  at 
a  temperature  of  98°  F.,  contain  large  quantities  of  hydrogen  sulphide 
and  carbon  dioxide,  and  hold  in  solution  compounds  of  calcium,  mag- 
nesium, iron,  aluminum,  lithium,  sodium,  potassium,  chlorine,  and 
some  organic  matter.  The  water  is  clear  and  emits  so  strong  an  odor 
of  sulphur  that  it  may  be  detected  in  the  canyon  2  miles  downstream 
from  the  springs. 

geoijOGic  relations. 

The  Paleozoic  rocks  which  arch  over  the  summit  of  the  Rattle- 
snake-Cedar Mountain  anticline  have  been  lifted  3,000  feet  above  the 
surrounding  plains  and  8,000  feet  above  sea  level.  In  the  walls  of 
Shoshone  Canyon  there  are  exposed  massive  limestones  constituting 
the  Madison  and  Bighorn  formations,  which  weather  into  bold,  cas- 
tellated cliffs,  overlain  by  soft  red  shales  of  the  Amsden  formation 
and  resting  upon  dull-green  shales  of  Cambrian  age.  Below  the  Cam- 
brian shales  is  a  mass  of  granite  several  hundred  feet  of  which  is  ex- 
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posed  and  which  weathers  into  rugged,  precipitous  cliffs  and  is  cut  by 
large  intrusive  dikes  of  quartz-bearing  diabase. 

Around  the  base  of  the  mountains  occur  the  steeply  dipping  beds 
of  softer  Mesozoic  rocks,  across  the  upturned  ends  of  which  Quater- 
nary gravels  have  been  laid  down  in  the  form  of  terraces.  Within 
and  above  these  gravels  heavy  layers  of  travertine  have  been  deposited 
throughout  a  narrow  zone  bordering  the  base  of  the  uplift. 

That  portion  of  the  travertine  flat  which  lies  north  of  Shoshone 
Eiver  has  a  gently  sloping  surface  upon  which  appear  small,  low 
cones  of  extinct  hot  springs  and  shallow  depressions  such  as  occur  in 
regions  where  thermal  waters  flow  over  a  plain.  South  of  the  river 
the  surface  is  less  regular,  but  it  exhibits  the  same  general  features 
that  are  found  on  the  north. 

Geysers  may  have  existed  in  the  region  prior  to  the  period  of  pres- 
ent hot-spring  activity  and  built  these  cones,  which  show  imperfect 
tubes  extending  down  into  their  interior.  The  travertine  is  composed 
in  part  of  crystals  of  selenite,  a  variety  of  gypsum,  which  seems  to  be 
an  alteration  product  of  the  travertine,  due  to  the  action  of  sulphur 
waters.  Sulphur  deposits  occur  along  the  upper  edge  of  the  travertine 
flats,  where  they  lie  upon  the  limestone  which  forms  the  mountain 
slope ;  in  fact,  the  richest  sulphur  deposits  are  found  in  the  limestone 
just  under  the  terrace  material,  at  the  upper  edge  of  the  flats,  where 
formerly  hot  springs  must  have  been  most  active.  Some  sulphur 
is  also  present  in  the  sandstone  which  underlies  the  limestone,  and 
other  deposits  are  in  the  travertine.  In  one  such  deposit  on  the  slope 
from  the  lowermost  broad  terrace  to  a  lower,  narrow  terrace  on  the 
edge  of  the  present  gorge,  the  travertine  covers  a  steep  scarp  and 
forms  the  cement  of  a  coarse  gravel  conglomerate,  the  pebbles  bbing 
derived  from  the  terrace  gravels.  This  is  intersected  by  numerous 
irregular  veins  of  sulphur,  which  here  and  there  expand  into  pockets 
of  considerable  size.  In  addition  to  the  sulphur  associated  with  the 
limestone  noted  above,  that  contained  in  the  travertine  and  sandstone 
has  been  tested  to  a  considerable  extent,  but  it  is  found  that  the  lime- 
stone contains  the  only  workable  deposits.  The  cross  section  at  the 
bottom  of  PI.  VI  shows  the  relations  of  the  travertine  asfld  sulphur  to 
the  underlying  formations. 

THE  SUIiPHTTR. 

NATURE  AND  OCCURRENCE. 

The  sulphur,  which  occurs  native  in  small  yellow  crystals  and  in 
gray  streaks  in  the  rocks,  is  now  being  mined  and  smelted  at  the  plant 
of  the  Bighorn  Sulphur  Company,  near  the  mouth  of  Shoshone  Can- 
yon, on  the  south  side  of  the  river.    Where  the  sulphur  is  mined  it  is 
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found  in  irregular  beds  in  limestone  and  travertine  associated  with 
fine  white  crystalline  aggregates,  filling  cavities  2  to  8  inches  in  diam- 
eter, and  disseminated  through  the  limestone,  where  it  has  been  de- 
posited by  sulphur-bearing  gases  permeating  small  crevices  in  the 
rock.  The  cavities  just  mentioned  seem  to  be  portions  of  subter- 
ranean channels  through  which  the  hot  sulphur-bearing  waters 
flowed,  and  on  the  walls  of  which  the  sulphur  was  gradually  de- 
posited until  the  chamber  was  partly  or  entirely  filled.  No  regular 
arrangement  of  the  cavities  can  be  discovered,  though  they  seem  to  be 
in  groups  at  places  where  the  waters  found  free  passage.  In  the 
areas  between  the  groups  of  cavities  only  a  small  amount  of  sulphur 
is  found,  but  in  the  enriched  pockets  the  amount  of  sulphur  reaches 
30  to  50  per  cent  of  the  rock  and  becomes  commercially  important. 
Laterally  a  deposit  may  be  rich  at  one  point  and  barren  10  feet  away. 
The  depth  of  the  mineralization  is  not  known,  as  mining  and  pros- 
pecting have  not  been  carried  below  20  feet,  but  it  seems  improbable 
that  rich  pockets  of  sulphur  will  be  found  far  below  the  surface.  As 
previously  stated,  a  small  amount  of  sulphur  is  found  in  the  sand- 
stones and  travertine,  but  the  quantity  in  these  rocks  is  too  small  to 
pay  for  mining. 

GENESIS  OF  THE  ORE. 

That  the  sulphur  was  deposited  by  hot  springs  is  indicated  by  the 
presence  of  sulphur  in  the  waters  now  issuing  from  the  Hot  Springs 
in  Shoshone  Canyon,  and  also  by  the  evidence  that  ore  is  found  in 
channels  such  as  water  forms  when  it  flows  through  openings  in  lime- 
stone. The  water  probably  comes  from  the  Rattlesnake-Cedar  Moun- 
tain anticline,  but  may  have  a  more  distant  source.  As  the  source  of 
the  water  is  not  known,  the  cause  of  the  heat  remains  undiscovered. 
There  is  no  evidence  of  solfataric  origin  and  the  indications  are  that 
only  a  small  amount  of  the  heat  is  derived  from  chemical  reactions, 
because  but  little  of  the  material  produced  by  chemical  changes  below 
is  brought  to  the  surface.  It  is  known  that  intensive  activity  must 
necessarily  take  place  to  maintain  the  water  at  a  temperature  above 
98®  F.,  the  temperature  found  in  these  springs.  It  is  supposed,  there- 
fore, that  the  heat  is  derived  from  slowly  cooling  magmatic  bodies, 
probably  intrusions,  and  increased  slightly  by  heat  from  chemical 
reactions. 

CHEMICAL  CONDITIONS. 

ft 

The  same  chemical  changes  which  produce  the  increased  heat  are 
thought  to  free  the  sulphur  and  permit  it  to  come  to  the  surface.  As 
the  waters  approach  the  surface  the  sulphur  compounds  are  cooled 
and  oxidized  and  the  mineral  is  deposited.  Both  of  these  processes, 
oxidation  and  loss  of  heat,  can  best  take  place  near  the  surface;  hence 
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it  is  expected  that  the  best  deposits  will  be  shallow.  It  is  of  interest 
also  to  note  that  the  ore  is  associated  chiefly  with  calcareous  deposits 
and  not  with  siliceous  rocks,  though  the  solutions  must  have  traversed 
sandstone  beds  in  their  passage  from  below.  This  fact  is  believed  to 
indicate  that  the  limestone  is  essential  to  the  precipitation  of  the  sul- 
phur from  the  solutions.  Prof.  Chase  Palmer,  of  the  United  States 
Geological  Survey,  has  made  a  special  study  of  the  chemical  changes 
supposed  to  be  involved  in  the  deposition  of  sulphur,  and  suggests  the 
following  reactions : 

It  has  long  been  known  that  a  deposit  of  sulphur  may  be  caused  by  direct 
oxidation  of  hydrogen  sulphide  in  water  through  the  agency  of  atmospheric 
oxygen  alone:  2H2S+Oa=2H20+2S,  to  which  reaction  the  formation  of  sulphur 
deposits  has  sometimes  been  attributed. 

Winogradsky  »  has  recently  shown,  however,  that  certain  bacteria,  which  are 
found  only  in  sulphur  waters,  utilize  hydrogen  sulphide,  and  by  oxidizing  it 
store  the -sulphur  product  in  their  cells.  The  sulphur  does  not  long  remain  thus 
in  storage,  but  is  soon  oxidized  further  by  the  cells  to  sulphuric  acid,  which  is 
neutralized  by  the  bicarbonates  usually  present  in  such  waters,  forming  sul- 
phates: H2S04+H2Ca  (C08)2=CaS04+2COa+2H20.  The  presence  of  these  bac- 
teria probably  accounts  for  the  deposition  of  only  a  part  of  the  sulphur  formed 
by  hot-spring  activity. 

Most  of  the  sulphur  deposited  from  natural  sulphur  waters  is  probably  the 
result  of  several  changes  in  which  various  compounds  are  involved.  One  of 
these  various  reactions  was  noted  by  B^champ,^  who  found  that  insoluble  cal- 
cium carbonate  is  readily  attacked  when  suspended  in  water  charged  with 
hydrogen  sulphide,  in  which  case  two  soluble  calcium  compounds  are  formed, 
viz,  calcium  hydrosulphide  and  calcium  bicarbonate :  2CaC08+2H2S=Ca(SH)2+ 
H2Ca(e03)2. 

The  importance  of  the  limestone  in  the  deposition  of  the  sulphur  from  hot 
waters  is  shown  by  some  comparative  experiments  recently  made  by  myself  on 
the  solvent  action  of  sulphur  waters  on  calcium  carbonate,  which  indicate  that 
the  presence  of  sodium  chloride  increases  materially  the  solvent  power  of  a 
hydrogen  sulphide  water  on  calcium  carbonate.^ 

It  is  also  known  that  the  soluble  polysulphides  are  decomposed  by  acids,  re- 
producing hydrogen  sulphide,  and  causing  copious  deposits  of  sulphur.  Even 
carbon  dioxide  is  capable  of  decomposing  the  polysulphides  in  this  manner: 
CaS2+2C02+2H20=H2Ca(C08)2+H2S+S.  The  thiosulphates  which  often 
accompany  the  sulphides  in  natural  waters  are  also  similarly  attacked  by  car- 
bon dioxide,  yielding  a  deposit  of  sulphur:  Na2S208+C02+H20=NaHC08-f 
NaHSOa+S. 

All  the  essential  conditions  mentioned  above  are  operative  in  the 
area  here  described.  Hot  springs  are  active,  limestone  is  abundant, 
and  the  hot  waters  hold  HgS,  CO2,  and  sodium  and  potassium  salts  in 
solution.  It  seems  very  probable,  therefore,  that  the  methods  of 
deposition  indicated  by  Professor  Palmer  are  at  least  the  active  if 
not  the  essential  reactions  by  which  the  sulphur  was  deposited. 

«  Lafar,   Franz,  Technische  Mykologie,   1897  edition. 

''Annales  de  chimie   et  de   physique,   4th   ser.,   vol.   16,   1869,   p.   202. 
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MINING,  SMEIiTlNG,  AND  MARKETING. 

Mining  is  carried  on  by  open-pit  quarry  methods,  in  which  promis- 
ing places  are  located,  small  drill  holes  are  put  down,  and  the  rock 
ia  blasted  with  powder.  The  rock  is  then  sorted  by  hand  and  all 
ore  estimated  to  contain  over  30  per  cent  of  sulphur  (the  yearly 
average  of  the  ore  smelted  is  35  per  cent)  is  taken  to  the  smelter  by 
wagon  or  tram.  At  the  smelter  the  ore  is  placed  in  bins,  from  which 
it  is  discharged  into  small  steel  cars  with  perforated  sides,  each  hold- 
ing about  IJ  tons  of  ore.  A  string  of  three  cars  is  then  run  into  a 
large  cylindrical  retort,  the  door  closed,  and  steam  admitted  at  65 
pounds  pressure  for  an  hour  and  three-quarters.  The  sulphur  is 
melted  and  flows  to  the  bottom  of  the  retort,  from  which  it  escapes 
through  a  trap  into  bins,  where  it  is  allowed  to  cool.  When  the  sul- 
phur has  been  melted  from  the  rocks  the  cars  containing  the  gangue 
are  removed  from  the  retort,  other  cars  admitted,  and  the  process  re- 
peated. This  process  is  not  considered  highly  efficient,  as  only  about 
two-thirds  of  the  sulphur  which  the  rock  contains  is  melted  out;  the 
remainder,  being  contained  in  the  gangue,  is  thrown  on  the  refuse 
dump.  After  the  sulphur  is  cooled  it  is  ground  in  an  8-inch  Blake 
crusher  and  pulverized  in  a  rotary  grinder  to  a  powder  apparently 
equal  in  fineness  to  flowers  of  sulphur.  The  sulphur  powder  is 
sacked  and  taken  to  Cody,  3  miles  distant,  for  shipment. 

PRODUCTION. 

The  sulphur  refining  and  milling  plant  was  built  in  1906,  and 
during  the  first  year  of  operation  850  tons  of  sulphur  were  produced 
from  2,833  tons  of  ore.  Of  this  amount  350  tons  were  sent  to  Omaha, 
Nebr.,.the  chief  distributing  point,  and  the  remainder  was  used  in 
compounding  sheep-dipping  preparations  in  Wyoming  and  adjacent 
States.    The  market  price  is  $35  per  ton  at  Cody. 
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Davis,  H.  J.    Pyrites.    In  Mineral  Resources  U.  S.  for  1885,  pp.  501-517.    1886. 

Eckel,  E.  C.  Gold  and  pyrite  deposits  of  the  Dahlonega  district,  Georgia.  In 
Bulletin  No.  213,  pp.  57-63.    1903. 

Pyrite  deposits  of  the  eastern  Adirondacks,  N.  Y.    In  Bulletin  No. 

260,  pp.  587-588.     1905. 

Lee,  W.  T.  The  Cove  Creek  sulphur  beds,  Utah.  In  Bulletin  No.  315,  pp. 
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Mabtin,  W.  Pyrites.  In  Mineral  Resources  U.  S.  for  1883-84,  pp.  877-905. 
1886. 
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RoTHWELL,  R.  p.  Pyrites.  In  Mineral  Resources  U.  S.  for  1886,  pp.  650-675. 
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Spurr,  J.  E.  Alum  deposit  near  Silver  Peak,  Esmeralda  County,  Nev.  In 
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A  COMMERCIAL  OCCURRENCE  OF  BARITE  NEAR 

CARTERSVILLE,  GA. 


By  C.  W.  Hayes  and  W.  C.  Phalen. 


IKTRODUCTIOIS". 

The  original  source  of  barium  is  to  be  found  in  the  siUcates  of  the 
metal  contained  in  the  igneous  rocks,  from  which  it  is  derived  as  the 
carbonate  during  the  ordinary  processes  of  weathering.  Though 
commonly  regarded  as  one  of  the  less  common  constituents  in  the 
earth's  crust,  F.  W.  Clarke  *  has  shown  that  its  oxide  is  the  thirteenth 
in  order  of  abundance,  an  average  of  617  analyses  indicating  the 
presence  of  0.11  per  cent. 

One  of  its  commonly  occurring  forms  is  the  sulphate  (BaS04)  or  the 
mineral  barite.  This  substance  is  more  commonly  found  in  mineral 
veins  than  in  sedimentary  rocks.  It  has  also  been  observed  as  a 
sintery  or  stalactitic  deposit  and  as  the  cementing  substance  in 
sandstone.  All  of  its  occurrences  indicate  that  it  is  a  mineral  of 
aqueous  origin  and  has  resulted  either  from  direct  deposition  in 
water  or  as  a  precipitate  when  waters  of  certain  composition  mingled. 

Barite  is  known  to  occur  at  several  locaUties  in  the  vicinity  of 
CartersviUe,  Bartow  County,  Ga.,  and  at  one  place  between  2  J  and  3 
miles  southeast  of  the  town  it  is  mined  on  a  fairly  large  scale  by  the 
Nulsen,  KJ^ein  &  Ejrausse  Manufacturing  Company,  of  Lynchburg, 
Va.,  and  St.  Louis,  Mo.  Although  originally  deposited  from  water 
its  present  position  is  in  a  residual  mantle  of  clay  and  gravel. 

GEOIjOGY. 

The  geology  of  the  CartersviUe  district  has  been  worked  out  by 
the  senior  writer.  The  district  is  in  the  southeastern  half  of  Bartow 
County,  and  the  outcropping  rocks  are  the  older  crystalline  schists, 

o  Bull.  U.  S.  iieoi.  Survey  No.  228,  p.  17.    Clarke's  more  recent  figure,  contained  In  an  unpublished 
manuscript  and  based  on  an  average  of  678  analyses,  remains  the  same,  namely,  0.11  per  cent  BaO. 
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gneisses,  and  granites,  and  the  partially  or  completely  metamor- 
phosed sedimentary  rocks  of  the  Ocoee  group,  including  gneisses, 
schists,  slates,  and  conglomerates,  which  cover  the  surface  in  the 
southeastern  half  of  the  area,  and  a  series  of  unaltered  sediments 
consisting  of  quartzite,  limestone,  shale,  and  dolomite,  all  Paleozoic, 
in  the  northwestern  half.  The  former  rocks  make  up  the  more 
mountainous  parts  of  the  area.  The  Paleozoic  rocks  outcrop  in  the 
valley  region  to  the  west.  In  descending  order  and  as  at  present 
differentiated,  they  are  as  follows: 

Knox  dolomite. 

Conasauga  and  Rome  formations. 

Beaver  limestone. 

Weisner  quartzite. 

All  these  formations  except  the  Knox  dolomite  belong  in  the 
middle  or  lower  Cambrian,  and  it  is  probable  that  the  lower  portion 
of  the  Knox  should  also  be  classed  with  the  Cambrian.  Of  these 
formations,  only  the  Weisner  quartzite  and  Beaver  limestone  are  of 
interest  in  this  connection,  for  it  is  in  these  rocks,  or  rather  asso- 
ciated with  them,  that  the  deposits  of  barite  are  found. 

The  Beaver  limestone  rarely  outcrops  at  the  surface.  It  occupies 
valleys  parallel  with  the  ridges  forined  by  the  adjacent  harder  for- 
mations and  is  generally  covered  by  a  heavy  residual  deposit  of  clay 
and  wash  from  the  higher  land  on  either  side.  It  contains  a  large 
amoimt  of  clayey  impurities,  and  its  weathered  outcrops  appear  as  a 
clay  shale. 

The  Weisner  quartzite  forms  a  fairly  continuous  belt  about  19 
miles  long,  extendmg  from  the  northeastern  nearly  to  the  southern 
edge  of  the  area.  Its  greatest  width,  about  3  miles,  is  nearly  due 
east  of  Cartersville,  and  the  average  width  of  the  belt  is  between  1 
and  2  miles.  It  consists  chiefly  of  fine-grained  vitreous  quartzite, 
although  it  contains  some  beds  of  fine  conglomerate  and  siliceous 
shale.  The  thickness  of  the  formation  is  probably  between  2,000 
and  3,000  feet,  and  may  be  considerably  more;  but  it  can  not  be 
accurately  determined  because  of  the  intense  folding  which  it  has 
undergone  and  the  absence  of  satisfactory  exposures.  In  addition 
to  the  folding,  it  is  doubtless  intersected  by  numerous  faults,  the 
evidence  of  which  is  seen  in  its  crushed  and  brecciated  condition  at 
many  points.  The  mechanical  and  chemical  conditions  resulting 
from  the  deformation  of  the  quartzite  beds  are  responsible  for  the 
deposition  of  certain  of  the  iron  ore  and  ocher  deposits  of  the  region 
which  are  contained  in  it,  and  also  originally  of  the  barite  deposits. 

OCCURRENCE   OF  THE  BARITE. 

The  barite  is  so  intimately  associated  with  certain  of  the  iron  ores 
of  this  region,  particidarly  with  the  ocher,  that  conclusions  regarding 
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the  origin  of  the  latter  are  of  importance  in  this  connection.  The 
iron  oxide*  forming  the  yellow  ocher  deposits  in  the  Cartersville 
district  is  a  direct  replacement  of  the  silica  in  the  Weisner  quartzite. 
It  appears  that  the  faulting  of  the  region,  by  fracturing  the  rocks, 
afforded  favorable  conditions  for  the  percolation  of  surface  waters  to 
great  depths,  and  that  as  the  faulting  was  doubtless  accompanied  by 
the  development  of  considerable  heat,  the  region  was  probably 
characterized  by  numerous  thermal  springs.  As  is  well  known, 
silica,  under  favorable  conditions,  especially  under  great  pressura-and 
at  high  temperature,  becomes  one  of  the  readily  soluble  rock  con- 
stituents. 

With  reference  to  the  barite  occurring  at  the  mine  of  the  Peruvian 
Ocher  Company,  at  the  wooden  bridge  over  Etowah  River,  where 
perhaps  the  best  opportunity  exists  to  study  the  past  action  of  the 
thermal  waters  and  the  development  of  the  iron  ocher  and  barite, 
the  following  statement  is  quoted  from  the  paper  cited  above: 

Numerous  open  passages  and  cavities  penetrating  the  quartzite  and  the  bodies  of 
ocher  are  met  in  mining.  The  smaller  cavities  are  generally  lined  with  a  crust  of  small 
quartz  crystals,  while  the  larger  ones  frequently  contain  beautiful  crystals  of  barite, 
which  were  probably  deposited  after  the  conditions  favorable  for  the  solution  of  silica 
and  the  deposition  of  ocher  had  passed.  Groups  of  acicular  crystals  of  this  mineral, 
several  inches  in  length,  are  not  uncommon.  It  also  occurs  in  white  granular  veins. 
The  barite  is  called  "flowers  of  ocher"  by  the  miners.  It  remains  in  the  residual 
soil  which  covers  the  quartzite  outcrops  and  affords  the  best  means  of  tracing  the 
ocher  deposits.  It  is  found  at  numerous  points  on  the  low  quartzite  ridge  north  and 
south  of  the  Etowah  River,  and  prospecting  at  these  points  has  never  failed  to  reveal 
more  or  less  extensive  deposits  of  ocher. 

The  south  end  of  the  quartzite  belt  above  described  has  a  distinct 
anticUnal  structure,  as  shown  in  the  gap  where  Etowah  River  cuts 
across  it.  It  is  on  the  eastern  side  of  this  anticUne  that  the  principal 
barite  deposits  occur.  The  quartzite  dips  eastward  at  about  45°  and 
the  overlying  shaly  Beaver  Umestone,  although  not  well  exposed, 
probably  underUes  the  valley  occupied  by  the  railroad  between  the 
quartzite  and  the  crystalUne  rocks  to  the  east.  At  various  places 
along  the  eastern  side  of  this  antichnal  quartzite  ridge  deposits  of 
limonite  have  been  worked  for  many  years.  South  of  Etowah  River 
these  deposits  occur  well  up  on  the  side  of  the  ridge,  upon  the  slope 
immediately  below  the  outcrop  of  the  quartzite.  The  Umonite  is 
seen  to  rest  directly  upon  the  quartzite,  and  large  exposures  of  the 
latter  are  found  in  the  old  ore  workings.  The  limonite  appears  to 
have  a  definite  relation  to  the  quartzite  and  forms  a  nearly  continuous 
belt  of  irregular  deposits  parallel  to  its  outcrop.  Parallel  to  this  belt 
and  adjacent  to  it  down  the  slope  is  another  belt  occupied  by  the 
deposits  of  barite.     The  extent  of  the  barite  is  not  yet  proved,  and 

a  Hayes,  C.  W.,  Geological  relations  of  the  iron  ores  In  the  CartersviUe  district,  Georgia:  Trans. 
Am.  Inst.  Min.  Eng.,  vol.  30, 1900,  pp.  403-419. 


BABITE    NEAR    CABTEBSVILLB,    OA.  461 

it  probably  does  not  extend  in  workable  amount  throughout  the 
length  of  the  quartzite  ridge,  though  it  is  known  to  be  present  in 
variable  amount  northward  to  Etowah  Eiver  and  for  some  distance 


"While  this  belt  has  not  been  sufficiently  prospected  to  prove  the 
continuity  of  the  deposits,  their  thickness  is  indicated  by  a  tunnel 
which  has  been  driven  into  the  side  of  the  hill  about  300  feet  north  of 
the  present  workings.  This  tunnel  penetrates  120  feet  of  the  barite- 
bearing  clay  and  then  enters  the  iron  ore.     (See  fig.  26.) 

The  accompanying  sketch  shows  the  relations  of  the  limonite  and 
the  barite  to  the  underlying  formations,  so  far  as  these  relations  can 
be  determined  from  the  present  development.  One  striking  feature 
is  the  sharp  separation  between  the  two  minerals;  each  appears  to 
occupy  a  definite  horizon,  and  so  far  as  observed  there  is  no  inter- 
minghng.    While  both  in  their  present  condition  are  residual,  they 


appear  originally  to  have  replaced  distinct  beds  in  the  shaly  lime- 
stone overlying  the  quartzite,  the  iron  being  deposited  immediately 
adjacent  to  the  quartzite,  and  the  barite,  for  the  most  part,  at  least, 
in  higher  beds.  It  is  highly  probable  that  deposition  of  the  barite 
and  Hmonite  took  place,  in  part,  at  least,  simultaneously.  It  is  quite 
certain  that  gravity  has  been  largely  instrumental  in  concentrating 
the  former  into  a  workable  deposit. 

The  barite  deposit,  as  shown  in  the  present  workings,  has  a  thick- 
ness of  about  50  feet  normal  to  the  slope  of  the  surface.  It  is  inter- 
mingled with  residual  material,  chiefly  red,  brown,  and  yellow  clay, 
with  some  fragments  of  quartzite.  The  barite  itself  makes  up  about 
one-third  of  the  material  removed  in  mining.  It  consists  of  irregular 
or  slightly  rounded  bowlders  ranging  from  a  few  ounces  up  to  several 
hundred  pomids  in  weight.     It  is  for  the  most  part  of  a  massive, 
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compactly  granular  structure,  and  of  a  pure-white  or  faint-bluish 
color.  As  it  occurs  in  the  face  of  the  open  pit  its  presence  might  not 
be  suspected  owing  to  films  of  ferruginous  clay  which  cover  the  nodules. 
The  iron  stain  is  confined  almost  entirely  to  the  surface  of  the 
bowlders. 

The  deposit  is  worked  in  an  open  pit.  The  ore  and  accompanying 
clay  are  loosened  by  blasting  and  shoveled  into  small  cars,  which 
dump  into  a  steeply  inclined  sluiceway  with  a  stream  of  water.  This 
carries  the  ore  to  a  log  washer  at  the  base  of  the  hill  and  at  the  same 
time  frees  it  from  much  of  the  associated  clay.  After  passing  through 
the  washer  the  or.  is  separated  into  three^ades  by  ha.d%icl4. 
The  highest  grade  contains  some  iron  oxide,  but  merely  as  a  thin  film 
on  the  outside,  which  may  be  removed  readily  by  acid.  The  inferior 
varieties  contain  more  or  less  iron  oxide  disseminated  throughout 
their  mass,  making  its  complete  separation  expensive  and  interfering 
with  its  utiUzation  for  certain  purposes. 

Work  has  been  in  progress  about  six  months,  and  during  this 
time  more  than  1,000  tons  of  barite,  valued  at  approximately  $4,000, 
have  been  removed.  The  deposits  will  in  all  probability  prove  fairly 
extensive,  and  the  future  prospect  of  the  industry  seems  good. 


GRAPHITE  DEPOSITS  NEAR  CARTERSVILLE,  GA. 


By  C.  W.  Hayes  and  W.  C.  Phalen. 


Graphite  is  a  mineral  the  demand  for  which  in  the  United  States  at 
present  exceeds  the  supply.**  A  new  occurrence,  therefore,  or  the 
possible  extension  of  an  occurrence  already  known,  merits  attention. 
It  is  quite  possible  that  the  utilization  of  the  deposits  of  graphitic 
slate  in  northwestern  Georgia  may  furnish  an  abundant  supply  of 
certain  grades  of  this  mineral. 

The  extreme  northwestern  portion  of  Georgia  is  occupied  by  sedi- 
mentary formations  of  Paleozoic  age — limestones,  sandstones,  and 
shales  in  great  variety.  To  the  east  and  south  of  these  are  meta- 
morphic  and  crystalline  rocks  whose  age  is  not  definitely  determined, 
but  which  are  probably  older  than  any  of  the  determined  Paleozoic 
formations.  The  contact  between  these  two  classes  of  rocks  passes 
southward  from  the  Tennessee  line  to  the  vicinity  of  Cartersville,  and 
thence  westward  to  the  Alabama  line  a  little  south  of  Rock  Mart.  It 
intersects  in  Georgia  the  following  counties:  Murray,  Gordon,  Bartow, 
Polk,  and  Tallapoosa.  To  the  east  and  south  of  this  contact  and 
forming  a  nearly  continuous  belt  from  a  few  hundred  yards  to  several 
miles  in  width  occurs  a  graphitic  talcose  slate.  Similar  but  less  con- 
tinuous belts  also  occur  to  the  east  within  the  metamorphic  area. 
This  slate,  particularly  the  first-described  belt,  has  been  prospected 
at  numerous  places  for  its  graphite,  and  is  worked  on  a  considerable 
scale  at  two  points  in  the  vicinity  of  Cartersville.  The  slate  was 
originally,  in  all  probability,  a  carbonaceous  clay  shale.  The  meta- 
morphism  to  which  it  has  been  subjected  has  converted  the  carbona- 
ceous material,  probably  derived  originally  from  plants,  into  graphite 
and  the  clay  into  talcose  minerals  of  somewhat  indefinite  composition 
and  mineralogical  character.  While  the  color  of  the  rock  is  generally 
black,  some  portions  of  it  contain  little  if  any  graphitic  carbon  and  are 
light  bluish  gray  in  color.  Selected  samples  of  the  rock  would  prob- 
ably run  as  high  as  12  or  15  per  cent  of  graphitic  carbon,  although 
the  content  of  carbon  in  the  rock  as  a  whole  is  much  lower.  The 
material  going  to  the  mill  of  the  American  Chemical  Mining  Company, 

o  Smith,  George  Otis,  Mineral  Resources  U.  S.  for  1905,  U.  S.  Geol.  Survey,  1906,  p.  1265. 
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in  the  vicinity  of  Emerson,  Ga.,  immediately  north  of  the  Western  t 
and  Atlantic  Railroad,  averages  about  4  per  cent.     In  this  mine,  how-  t" 
ever,  and  for  the  purpose  for  which  the  product  is  used,  a  high  per-   • 
centage  of  carbon  is  not  essential.      All  classes  of  the  slate  are, 
therefore,  mined  together,  both  that  containing  a  high  percentage  of 
carbon  and  the  bluish  bands,  which  are  practically  free  from  carbona- 
ceous matter.     At  the  mine  of  the  Cherokee  Chemical  Company, 
about  2  miles  south  of  Emerson,  the  slate  is  more  uniformly  graphitic,    ^ 
•and  the  product  runs  about  9  per  cent  of  carbon.     The  slate  here  .] 
contains  some  stringers  of  vein  quartz  with  traces  of  gold  and  also 
shows  the  presence  of  considerable  pyrite,  with  here  and  there  a  dis- 
tinct copper  stain.     Oxidation  of  the  pyrite  gives  rise  to  an  abundant 
efflorescence  of  alum  and  other  sulphates. 

The  rock  is  mined  by  open  pits  and  can  be  dehvered  to  the  mill  at 
a  very  slight  cost.  Both  at  the  points  of  present  production  and 
elsewhere  along  the  belt  of  slate  above  described  the  supply  of  raw 
material  is  practically  unlimited. 

The  graphite  appears  to  be  chiefly  if  not  entirely  of  the  amorphous 
variety.  Examined  under  the  microscope  no  crystalline  outlines 
could  be  detected,  the  graphitic  material  occurring  in  irregular  frag- 
ments, with  jagged  edges,  associated  chiefly  with  quartz.  In  some  of 
the  material  collected  from  the  pit  of  the  Cherokee  Chemical  Com- 
pany there  is  a  suggestion  of  crystalline  outlines.  When  the  material 
is  fused  with  alkaline  carbonate  and  caustic  alkalies  the  carbonaceous 
matter  appears  to  be  wholly  oxidized  and  to  go  completely  into  solu- 
tion, whereas  high-grade  flake  graphite,  at  least,  is  supposed  to  resist 
such  treatment.*  Boiled  with  nitric  acid  (specific  gravity  1.4)  there  is 
apparently  no  decomposition;  at  least  the  solutions  were  not  decolor- 
ized as  is  the  case  when  anthracite,  bituminous  coal,  and  charcoal 
from  various  sources  are  similarly  treated.^  It  would  seem,  there- 
fore, that  although  the  material  can  not  be  classed  as  graphite  in  the 
sense  that  Wittstein  has  determined  the  chemical  behavior  of  the 
mineral,  it  nevertheless  has  some  of  the  chemical  properties  of  graphite, 
and  for  all  practical  purposes  may  be  so  considered. 

Even  with  the  very  finest  grinding  practicable  in  commercial  prac- 
tice it  may  be  questioned  whether  it  will  be  found  possible  to  effect  a 
separation  from  the  impurities,  in  so  far  as  they  are  flaky  in  character, 
such  as  mica  and  talc.  The  specific  gravity  of  graphite  ranges  from 
2.1  to  2.5;  of  talc,  2.7  to  2.8;  and  of  muscovite  (mica),  2.76  to  3 — 
all  too  close  to  attempt  perfect  separation.  As  a  lubricant,  the  pres- 
ence of  the  talc  can  not  be  regarded  as  deleterious,  though  care  would 
have  to  be  exercised  to  remove  even  the  last  traces  of  quartz  and 

o  Wittstein's  method  for  the  determmation  of  graphite;  Lunge,  Chemische-teehnische  Untersuch- 
ungsmethoden,  4th  ed.,  vol.  2,  p.  785. 
b  Classen,  Ausgewahite  Methoden  der  analytischen  Chemie,  p.  637. 
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other  gritty  material  when  used  for  such  a  purpose.  There  ^ould, 
however,  be  no  difficulty  in  removing  the  quartz,  pyrite,  and  similar 
minerals  when  the  purpose  to  which  it  is  to  be  applied  requires  it. 

The  principal  use  to  which  the  Georgia  product  is  put  is  as  a  filler 
in  fertiUzer.  It  is  claimed  that  when  mixed  with  potash  and  ammo- 
nium salts  and  the  other  ingredients  which  enter  into  fertilizers  it 
prevents  the  absorption  of  moisture  and  consequent  caking  of  the 
mass.  This  faciUtates  grinding,  and  the  fertilizer  retains  its  powdery 
state  after  being  ground  and  may  thus  be  more  evenly  and  economic- 
ally applied  to  the  land.  However  this  may  be,  it  is  quite  certain 
that  there  is  nothing  in  the  graphite  itself  that  enriches  the  land. 

Some  of  the  graphite  is  also  used  in  paint,  and  practical  tests  on  iron 
work,  particularly  where  subjected  to  high  temperatures,  are  reported 
to  have  been  highly  satisfactory.  Its  use  in  stove  polish,  in  electro- 
typer's  powder,  and  for  foundry  facings  was  not  reported,  though  it 
should  prove  entirely  suitable  for  any  or  all  of  these  applications, 
where  low-grade  material  only  is  required. 

The  great  extent  of  the  deposits  of  raw  material,  their  convenience 
to  lines  of  transportation,  and  the  cheapness  with  which  the  graphite 
can  be  mined  and  prepared  for  use  should  insure  these  deposits  a 
large  development. 

47076— Bull.  340—08 30 
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By  Douglas  B.  Sterrett. 


Il^rRODXJCTION, 

Meerschaum  has  been  extensively  used  for  over  a  century  in  the 
manufacture  of  pipes  and  other  articles  for  the  use  of  smokers,  as 
cigar  holders,  mouthpieces,  etc.  The  principal  source  of  supply  has 
been,  for  many  years,  the  deposits  in  the  plains  of  Eskishehr,  in 
Anatolia,  Asia  Minor,  about  120  miles  southeast  of  Constantinople. 
Deposits  of  the  mineral  are  also  reported  to  occur  in  Greece,  on  the 
island  of  Euboea;  in  Moravia,  Austria,  near  Hrubschitz;  in  Spain 
near  Vallecas,  Madrid,  and  Toledo;  and  in  Morocco.  The  meer- 
schaum deposits  of  Eskishehr  have  been  briefly  described  by  J*  Law- 
rence Smith  °  as  occurring  in  a  valley  filled  with  drift  material  from 
the  surrounding  mountains  that  has  been  consolidated  by  Ume.  The 
meerschaum  is  scattered  through  the  drift  in  rounded  nodular 
masses,  with  pebbles  and  fragments  of  magnesian  and  hornblende 
rocks. 

The  mineral  sepiolite,  or  meerschaum,  as  it  is  commonly  called,  is 
a  hydrous  silicate  of  magnesia  with  the  probable  composition 
H^A^gSigOio  or  2H20  +  2MgO-f-3Si02.^  Many  analyses  of  meer- 
schaum only  roughly  approximate  the  formula  given  above.  This 
is  probably  due  largely  to  the  uncertain  relation  of  the  water  to  the 
other  elements  of  the  mineral.  A  large  amount  of  hygroscopic 
moisture  is  driven  off  below  110°,  sometimes  amounting  to  nearly 
half  of  the  total  lost  at  a  red  heat. 

Pure  meerschaum  is  a  white,  porous  mineral,  with  a  specific 
gravity  of  about  2.  In  much  of  it,  however,  the  porosity  is  so  great 
that  blocks  of  the  mineral  will  readily  float  on  water.  This  property, 
along  with  its  snow-white  color,  gives  rise  to  the  name,  meerschaum, 
from  the  German  for  sea  foam.  In  a  similar  way  the  French  often 
call  it  *'6cume  de  mer.''  It  absorbs  water  strongly  and  becomes 
somewhat  plastic,  but  returns  to  its  original  condition  on  drying. 

o  Am.  Jour.  Sci.,  2d  ser.,  vol.  7, 1849,  p.  285. 

b  Dana,  J.  D.,  System  of  Mineralogy,  Gth  ed.,  p.  680. 
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When  saturated  it  will  not,  of  course,  float  on  water.  The  hardness 
of  meerschaum  is  from  2  to  2.5.  It  is  very  tough,  breaking  with  a 
conchoidal  to  earthy  fracture.  Some  forms  have  a  leathery  or 
fibrous  texture,  and  in  these  the  toughness  is  very  pronounced.  The 
luster  is  dull  and  earthy,  somewhat  like  that  of  plaster. 

The  ease  with  which  meerschaum  can  be  carved,  its  whiteness,  and 
the  fine  polish  it  takes  with  wax  render  it  especially  suitable  for 
elaborate  carving  and  artistic  treatment  in  the  manufacture  of  pipes. 
Meerschaum  pipes  are  prized  for  the  rich  cream-brown  or  brown 
color  which  the  bowl  assumes  after  being  smoked  a  while.  This 
color  is  caused  by  the  mixture  of  the  nicotine  from  the  tobacco  with 
the  wax  used  in  polishing  the  pipe,  permeating  through  the  mineral. 
As  long  as  there  is  absorbed  wax  in  the  meerschaum  the  color  of  a 
pipe  will  grow  darker  and  nearly  black  with  continued  smoking.  It 
is,  therefore,  necessary  to  *'fix  the  color"  of  the  pipe  when  the  proper 
■  shade  is  obtained.  Though  the  principle  employed  is  the  removal  of 
the  wax  and  boiling  in  Unseed  oil  to  harden  the  mineral  and  render 
it  less  porous,  there  are  trade  secrets  in  the  process  which  the  writer 
is  not  at  liberty  to  divulge. 

The  manufacture  of  meerschaum,  together  with  clay,  amber,  horn, 
wood,  metals,  etc.,  into  pipes  and  similar  articles  is  a  thriving  indus- 
try in  parts  of  Germany  and  Austria.  The  headquarters  of  the 
industry  in  Germany  is  at  the  town  of  Ruhla,  in  the  Thuringian 
Forest.  According  to  Consul  George  N.  Mt,"  of  Annaberg,  there 
are  between  3,000  and  4,000  workmen  employed  at  this  industry, 
which  was  started  in  1767.  It  is  said  that  the  supply  of  meer- 
schaum is  becoming  low  and  that  the  manufacturers  experience 
great  difiiculty  in  obtaining  the  necessary  material  to  keep  their 
factories  going.  This  scarcity  is  said  to  be  caused  partly  by  failure 
of  the  mines  in  Asia  Minor  to  meet  the  demands  of  the  trade  and 
partly  because  American  and  English  agents  have  gained  control  of 
the  Asia  Minor  production.  Consul  U.  J.  Ledoux,  of  Prague,  reports 
similar  difiiculties  in  the  Austrian  meerschaum  industry. 

The  treatment  that  meerschaum  receives  before  reaching  the  con- 
sumer is  varied.  At  Eskishehr  the  crude  mineral  is  mined  by  sys- 
tematic pits  and  galleries. &  'The  nodular  masses  ate  first  roughly 
scraped  to  remove  the  earthy  matrix;  then  dried,  scraped  again, 
and  poHshed  with  wax.  The  roughly  polished  nodules,  in  almost 
every  conceivable  pecuHarity  of  form,  are  then  shipped  to  the  man- 
ufacturers. Pipe  bowls  are  first  turned  out  on  lathes  or  carved  by 
'  hand.  The  bowls  are  then  smoothed  down  with  glass  paper  and 
Dutch  rushes,  and  after  being  boiled  in  wax,  spermaceti,  or  stearin, 
are  carefully  polished  with  bone  ash  or  chalk. 

a  Daily  Cons.  Kept.,  April  25, 1907.  t>  Encyclopaedia  Britannica,  vol.  15,  p.  825. 
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Artificial  and  imitation  meerschaum  are  also  manufactured  for  the 
trade.  Artificial  meerschaum  is  made  by  consolidating  waste  chips 
and  fragments  by  pressure.  Imitation  meerschaum  is  sometimes 
prepared  by  treating  hardened  plaster  of  Paris  with  wax  and  color- 
ing with  gamboge  and  other  suitable  materials.  Many  of  these  imi- 
tations are  nearly  perfect. 

NEW  MEXICO  DEPOSITS  OF  MEERSCHAUM. 

LOCATION. 

Two  deposits  of  meerschaum  have  been  located  in  Grant  County, 
N.  Mex.  Both  are  in  the  upper  Gila  River  valley.  One,  taken  up 
by  the  Meerschaum  Company  of  America,  lies  in  the  Alimogen  min- 
ing district,  about  23  miles  in  an  air  line  east  of  north  from  Silver 
City,  near  Sapillo  Creek;  the  other  deposit  has  been  taken  up  by 
the  Dorsey  Meerschaum  Company,  and  lies  in  the  Juniper  mining 
district,  about  12  miles  northwest  of  Silver  City,  in  the  canyon  of 
Bear  Creek. 

The  Dorsey  meerschaum  mine,  consisting  of  six  claims,  was  vis- 
ited by  the  writ^  in  October,  1907,  when  the  information  here  given 
was  obtained.  The  deposit  lies  in  the  bottom  and  walls  of  the  can- 
yon of  Bear  Creek.  This  canyon  has  steep  cliffs  about  100  feet  high 
at  the  base  and  other  cliffs  above  rising  to  a  height  of  several  hun- 
dred feet. 

GEOLOGY. 

The  rock  forming  the  canyon  walls  is  chiefly  light  and  dark  gray 
to  brownish-gray  limestone,  with  some  sandstone  strata  included. 
The  Umestone  contains  a  large  amount  of  cherty  matter  in  certain 
beds,  both  in  nodules  and  small  bands  up  to  an  inch  or  two  in  thick- 
ness, lying  parallel  with  the  bedding.  In  some  places  these  smaller 
cherty  bands  are  very  numerous  and  give  the  limestone  a  banded  or 
ribbon  structure.  The  limestone  shows  the  first  stages  of  crystalli- 
zation and  under  the  microscope  numerous  small  calcite  crystals  can 
be  seen  scattered  through  the  finer  homogeneous  rock.  Such  rock 
contains  a  notable  amount  of  magnesia,  but  as  it  effervesces  in  cold 
dilute  hydrochloric  acid  it  is  not  a  true»  dolomite.  A  sample  from  a 
prominent  bed  of  brownish-gray  sandstone  included  in  the  Umestone 
was  found  to  consist  of  well-rounded  quartz  grains  with  the  inter- 
stices almost  entirely  filled  with  calcite  as  a  cementing  material. 
The  sUghtly  brownish  color  of  the  stone  is  due  to  small  patches  of 
ferric  oxide  inclosed  in  the  cementing  material.  It  is  said  that 
granite  outcrops  in  the  canyon  about  half  a  mile  up  the  creek  from 
the  meerschaum  deposit.  Bowlders  of  a  coarse  porphyritic  granite 
(or  possibly  monzonite)  with  large  red  feldspar  phenocrysts  were 
seen  in  the  creek  debris,  which  contained  also  bowlders  of  a  dark 
trapUke  rock  resembling  diabase. 
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The  structure  of  the  fbrmations  is  not  simple  and  in  the  brief  ex- 
amination of  the  locaUty  was  not  worked  out.  At  a  point  about  a 
quarter  of  a  mile  below  the  deposit  where  the  canyon  is  narrow,  the 
limestone  beds  have  a  strike  west  of  north,  with  a  dip  ranging  from 
nearly  vertical  to  60°  E.  Farther  up  the  creek  the  dip  becomes  less 
until  it  is  nearly  flat  above  a  prominent  sandstone  bed,  15  to  20  feet 
thick,  among  the  meerschaum  deposits.  Farther  above  the  sand- 
stone ledge  the  strike  of  the  beds  is  northerly  and  nearly  parallel 
with  the  course  of  the  creek.  The  dip  seems  to  be  low  and  in  oppo- 
site directions  on  each  side  of  the  canyon,  which  is  therefore  the  axis 
of  an  anticlinal  fold  that  apparently  pitches  slightly  to  the  north. 
The  Umestone  has  been  badly  broken  up  by  lai^e  fractures,  with 
some  faulting,  and  smaller  joints.  Several  prominent  fractures 
filled  with  vein  material  were  observed  in  the  bottom  of  the  canyon, 
where  the  beds  have  a  low  dip.  These  veins  had  a  northerly  strike 
with  a  nearly  vertical  dip.  There  were  many  other  fractures  and 
veins,  however,  some  of  them  prominent  and  others  merely  joints  and 
seams,  cutting  across  the  direction  of  these  larger  breaks. 

The  age  of  the  rocks  has  not  been  definitely  determined.  Two 
fragments  of  brachiopod  shells,  from  a  large  angular  Umestone 
bowlder  in  the  bottom  of  the  canyon,  were  identified  as  stropho- 
menoids  by  Mr.  E.  M.  Kindle,  and  the  rock  is  probably  Ordovician 
in  age. 

OCCURRENCE. 

• 

The  meerschaum  occurs  in  veins,  lenses,  seams,  and  balls  in  the 
limestone.  All  but  the  balls  are  filUngs  of  fractures  and  joints, 
which  do  not  seem  to  be  confined  to  any  definite  direction.  The 
veins  are  filled  with  chert,  quartz,  calcite,  clay,  and  meerschaum. 
Chert  is  the  most  important  gangue  mineral  and  occurs  in  the  veins 
with  meerschaum  in  bands,  lenses,  and  nodules.  Both  the  crystal- 
lized quartz  and  calcite  were  observed  in  small  veins,  in  which  also 
there  was  a  small  amount  of  meerschaum.  The  largest  vein  seen 
contained  considerable  reddish  clay  with  chert  and  meerschaum. 

The  mineral  occurs  in  two  different  forms — (a)  in  nodules  of 
irregular  shape  and  (6)  somewhat  massive,  with  a  finer  and  more 
compact  texture  than  the  nodular  form.  Some  of  the  veins  and 
seams  are  filled  with  massive  meerschaum  having  practically  the 
same  texture  as  that  in  the  nodules,  though  not  in  nodular  form. 
In  other  veins  there  is  both  compact  massive  and  nodular  meer- 
schaum, generally  embedded  in  red  clay. 

The  nodules  range  from  less  than  an  inch  up  to  several  inches  in 
diameter  and  arc  of  all  shapes,  with  small,  rounded  knots  and  bumps 
protruding  from  the  surface,  which  is  generally  coated  or  stained 
with  the  inclosing  clay.  The  nodules  are  exceedingly  tough  and 
have  to  be  vigorously  beaten  with  a  hammer  before  they  will  break. 
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The  fracture  of  this  kind  of  meerschaum  is  very  uneven  and  the 
texture  is  fibrous,  or  rather  leathery  and  porous.  The  color  is  pure 
white  except  where  iron  stains  have  worked  in  from  the  red-clay 
matrix.  Small  fragments  from  the  nodules  sometimes  float  for  a 
while  when  dropped  into  water,  though  the  greater  part  sink.  Some 
of  the  meerschaum  that  was  not  light  enough  to  float  became  so  after 
it  had  been  heated.  After  absorbing  water  this  meerschaum,  like 
that  from  other  localities,  becomes  somewhat  mushy  and  has  a  soapy 
feeUng. 

The  massive  meerschaum  is  finer  grained,  less  leathery,  and 
heavier.  It  is  very  tough,  however,  and  some  pieces  break  with  a 
conchoidal  fracture.  Small  fragments  floated  on  water  a  minute  or 
two  after  heating.  This  variety  does  not  absorb  water  so  rapidly 
as  the  nodular  varieties. 

The  occurrence  of  meerschaum  in  balls  was  observed  chiefly  in  one 
layer  of  limestone  5  or  6  feet  thick.  The  balls  ranged  up  to  2  or  3 
inches  in  diameter  and  were  irregularly  distributed  through  the 
limestone.  In  some  places  they  were  plainly  connected  with  one 
another  either  by  merging  or  by  veins;  in  other  places  they  were 
apparently  unconnected  with  other  bodies  of  meerschaum.  These 
ballS)  so  far  as  observed,  did  not  contain  meerschaum  of  commercial 
value,  but  were  composed  partly  of  calcite  and  another  fine-textured 
white  mineral.  Some  whole  balls  were  composed  of  these  minerals; 
others  contained  a  core  or  breccia  of  chert  or  dark  limestone. 

CHEMICAL  PROPERTIES. 

A  chemical  analysis  made  by  George  Steiger,  of  this  Survey,  on 
selected  mineral  showed  the  composition  of  the  meerschaum  from 
the  Dorsey  mine  to  be  approximately  that  called  for  by  the  chemical 
formula  previously  given  (2H20+2MgO  +  3Si02).  In  the  following 
table  are  given  (1)  the  results  of  Mr.  Steiger's  analysis,  (2)  the  theo- 
retical composition,  and  (3)  Mr.  Schaller's  analysis  of  material  from 
the  deposit  of  the  Meerschaum  Company  of  America  on  Sapillo 
Creek: 

Analyses  of  meerschaum. 


Si  Da.. 

AlaOs. 

FetOa. 

MgO.. 

CaO.. 

CO,... 

Water 


1. 

2. 

57.10 

.58 

Trace. 

27.16 
.17 
.32 

14.78 

60.8 

27.1 

12.1 

100.11 

100.0 

60.97 

9.71 

10.00 
.22 


19.14 
100.04 
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The  water  determination  in  analysis  1  was  made  on  material  which 
had  been  ground  in  an  agate  mortar  for  several  hours.  As  compared 
with  the  theoretical  composition  of  meerschaum  the  water  is  too  high 
by  2.68  per  cent.  Experimental  work  by  Mr.  Steiger  revealed  the 
fact  that  during  the  process  of  grinding  for  eighteen  hours  meer- 
schaum absorbed  2.58  per  cent  of  water.  This  test  was  made  on 
other  material  than  that  used  for  the  analysis,  with  the  following 
results: 

Per  cent. 

Original  water  in  fragmental  meerschaum 11. 75 

After  six  hours'  grinding 13. 48 

After  twelve  hours*  grinding 13. 49 

After  eighteen  hours'  grinding 14. 33 

The  percentage  of  water  given  in  column  1  is  therefore  doubtless 
too  high,  as  the  material  probably  absorbed  water  during  grinding. 
A  rough  determination  made  on  fragments  of  the  same  sample  also 
showed,  however,  more  water  than  is  required  by  the  theoretical 
coinposition. 

The  nature  of  the  water  in  meerschaum  is  very  uncertain.  Total 
water  determinations  were  made  at  a  high  heat  with  calculations  for 
loss  of  COg.  A  special  test  made  by  Mr.  Steiger  on  the  ground  meer- 
schaum as  used  for  analysis  1  gave  the  following  results: 

Water  lost  by  meerschaum  at  various  temperatures. 


Temperature  (°  C). 

Loss  of 

water 

(percent). 

GO 

3.49 
3.17 
1.07 
2.40 

105 : 

LOO 

275 

Total  at  275° 

10.13 

« 

From  this  test  it  will  be  seen  that  considerable  percentage  of  the 
water  is  probably  hygroscopic,  but  just  where  the  line  between  hygro- 
scopic water  and  water  of  composition  should  be  drawn  it  is  impossible 
to  say. 

A  specimen  from  the  deposit  owned  by  the  Meerschaum  Company 
of  America  was  sent  to  the  Survey  by  Ledoux  &  Co.  of  New  York. 
An  analysis  of  this  material  (No.  3  in  the  table),  made  by  Waldemar 
T.  Schaller,  showed  the  presence  of  considerable  alumina,  which  was 
also  found  by  other  chemists,  as  indicated  by  anal3^sis  published  in 
the  report  of  the  company.  Though  the  anal^^sis  shows  that  the 
specimen  was  not  true  meerschaum,  the  character  of  the  two  minerals 
is  very  much  the  same.  In  fact,  the  properties  possessed  by  this 
mineral  are  so  like  those  of  true  meerschaum  that  a  company  has 
undertaken  to  develop  the  deposit." 

o  Collins,  A.  F.,  Mining  meerschaum  in  New  Mexico:  Mining  World,  June  1,  1907,  p.  688. 
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PHYSICAL  PROPERTIES. 

The  meerschaum  from  the  Dorsey  mine  is  very  similar  in  appearance 
to  that  from  Asia  Minor  as  it  appears  on  the  market  ready  for  carving. 
The  Asia  Minor  meerschaum  is  a  little  lighter  and  more  spongy  than 
the  surface  material  from  the  Dorsey  deposit,  owing  in  part,  probably, 
to  the  fact  that  the  former  has  been  dried  before  shipping. 

The  results  of  tests  made  by  pipe  makers  on  two  different 
pieces  of  the  nodular  meerschaum  from  the  Dorsey  mine  were  not 
highly  satisfactory,  though  probably  as  good  as  could  be  expected 
from  surface  material.  Small  pipes  were  turned  down  on  a  lathe  and 
after  treating  with  wax  were  poUshed.  Besides  the  iron  stains  in 
certain  lines  through  the  meerschaum  the  wax  gave  a  mottled  appear- 
ance to  the  surface  by  rendering  one  portion  a  little  more  translucent 
than  others.  The  statement  of  each  pipe  maker  was  that  the  material 
was  heavier  than  usual  for  meerschaum.  One  of  them,  Mr.  S.  Hey- 
man,  of  Baltimore,  reported  it  to  be  much  harder  than  any  other 
meerschaum  he  had  ever  worked,  and  mentioned  a  fine  sand  or  grit  in 
the  sample  he  tested.  The  sandpaper  used  in  smoothing  the  pipe 
down  was  also  worn  out  more  rapidly  than  is  usual  with  meerschaum. 
Mr.  Heyman  turned  out  a  small,  thin  pipe  which  was  somewhat 
translucent  and  mottled.  The  mottling  was  apparently  caused  by 
fibrous  white  tufts  in  a  more  translucent  matrix.  These  tufts 
appeared  to  compose  the  grit  mentioned  above,  since  they  remained 
as  little  lumps  above  the  surface  of  the  pipe  after  poUshing.  These 
lumps  were  found  to  be  very  tough  when  cut  with  a  knife,  and  doubt- 
less caused  the  sandpaper  to  wear  away  rapidly  when  the  pipe  was 
being  smoothed  down,  by  dragging  the  sand  grains  away  from  the 
paper.  When  tested  for  coloring  quaUties  the  pipe  readily  absorbed 
the  wax  and  nicotine,  which  appeared  on  the  outside  of  the  bowl  in 
its  characteristic  color. 

The  specimen  of  meerschaum  from  which  Mr.  E.  Butzen,  of  Chicago, 
turned  out  a  pipe  was  evidently  more  compact  and  smoother  grained. 
The  bowl  received  a  fair  polish,  though  it  was  badly  mottled  by  iron 
stains. 

Another  piece  of  meerschaum  carved  into  a  rough  pipe  and  sent  to 
the  Survey  by  Mr.  W.  P.  Dorsey,  of  Silver  City,  N.  Mex.,  appeared 
to  be  pure  white  in  color  and  of  an  even  texture.  On  boiling  in  paraf- 
fin, however,  motthng  became  prominent,  showing  irregular  seams  of 
rather  translucent  material  in  white  tufted  fibrous  meerschaum. 

The  value  of  the  New  Mexico  meerschaum  has  not  yet  been  proved. 
At  the  Dorsey  mine  numerous  outcrops  of  seams  and  veins  of  various 
sizes  have  been  located.  In  chemical  composition  the  material  cor- 
responds closely  to  meerschaum,  though  the  physical  properties  of 
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material  from  the  outcrop  have  not  as  yet  proved  of  good  grade. 
Whether  valuable  meerschaiim  will  be  found  below  the  surface  can 
be  learned  only  by  opening  some  veins  to  a  depth  where  surface 
movement  and  weathering  have  not  affected  the  mineral.  It  is 
probable  that  the  fibrous  tufts  described  above  are  natural  to  the 
nodular  meerschaum  and  will  not  disappear  with  depth.  The  more 
compact  massive  material  should,  however,  be  found  free  of  stains 
and  more  sound  below  the  surface. 

As  to  the  origin  of  this  meerschaum  in  the  Umestone  formation,  the 
deposits  were  not  sufficiently  studied  to  permit  the  expression  of  an 
opinion. 
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Buckfield  Town,  Me.,  molybdenum  in 236 

Building  stone,  bibliography  of 381-382 

paper  on 377-380 

See  also  Oklahoma. 

Bulletins,  nature  of 8 

Burchard,  E.  F.,  on  available  Clinton  iron 

ores 308-317 

on  concrete  materials   in  Chicago  dis- 
trict   383-414 

work  of 16 

Burgen  sandstone,  occurrence  and  charac- 
ter of 188-189 

Butler,  B.  S.,  work  of 20 

Buxton  formation,  occurrence  and  charac- 
ter of 195 

Byron  anticline,  Wyo.,  gas  in 357 
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California,  Contra  Costa  Co.,  oil  prospecting 

in 339-340 

investigations  in 16,20 

molybdenite  in 238-239 

oil  in.    See  Miner  ranch  oil  field. 

silver  production  of 27, 29, 32-34 

tungsten  in 271 

Camotite,  bibliography  of 306 

deposits  of,  occurrence  and  character 

of 257-262 

Carolina  gneiss,  monazite  in 281-284 

occurrence  and  character  of 276, 278-279 

view  of 282 

Cartecay  River,  iron  ores  at 332-333 

iron  ores  at,  analyses  of 333 

Cartersville,  Ga.,  barite  near 458-462 

barite  near,  geology  of 458-459 

section  showing 461 

graphite  near 463-465 

Cassiterite.    See  Tin. 

Catherines  Hill,  Me.,  molybdenum  at 234-236 

Cement  materials,  bibliography  of 416-416 

papers  on 383-414 

Cerbat  district,  Ariz.,  description  of 67 

mineral  deposits  of 67 

Cerbat  Range,  Ariz.,  description  of 55 

districts  of,  descriptions  of 62-71 

geology  of 56-59, 61 

gold  in 59 

mineral  deposits  of 60-71 

Chattanooga   shale,  occurrence  and   char- 
acter of 189 

Chelsea,  Okla.,  artesian  wells  at 226 

Cherokee  formation,  occurrence  and  correla- 
tion of ^90-192, 223-224 

Chester  group,  occurrence  and  character  of  .190, 223 

Chicago,  limestone  in 386 


Chicago  district,  concrete  materials  of 385-410 

concrete  materials  of,  bibliography  of . . .      410 

constituents  of 385-386 

descriptions  of 386-409 

tests  of 40^^10 

See  also  Niagara  limestone;  Glacial 
deposits;  Lake-flhore  deposits. 

location  of 383 

map  showing 384 

Chloride  district,  Ariz.,  description  of 62 

mineral  deposits  of 62-65 

Chromium,  bibliography  of 306 

Claremore,  Okla.,  artesian  wells  at 226-227 

Clays,  bibliography  of 424-425 

papers  on 417-423 

Clear  Creek,  Ala.,  ore  deposits  at 44-46 

Clinton  formation,  iron  ores  in.    See  Birm- 
ingham district. 

Coal,  separate  publication  on 7-8 

See  also  Oklahoma. 

Cobalt,  bibliography  of 306 

Cody,  Wyo.,  sulphur  deposits  at 451-456 

sulphur  deposits  at,  geology  of 452-453 

location  of ,  map  showing 452 

Cofleeville  formation,  occurrence  and  char- 
acter of 219 

Coleman,  HI.,  glacial  deposits  near 401 

Collier,  A.  J.,  on  tin  ore  near  Spokane, 

Wash 295-305 

Colorado,  Chaffee  Co.,  copper  deposits  in.  161-167 

geology  of 160-161 

map  of 159 

topography  of T     158 

copper  dex>osits  of 157-174 

copper  dei>osits  of,  genesis  of 173-174 

production  from 157 

Fremont  Co.,  copper  deposits  of 168-170, 

171-173 

geology  of 167-168,170-171 

map  of 159 

topography  of 158,170 

investigations  in 20 

Jefferson  Co.,  copper  dex>osits  of 168-170 

geology 167-169 

map  of 159 

Routt  Co.,  camotite dejwsits  in. . .  257, 260-262 

description  of 85-86 

geology  of 86-88,258-260 

gold  of,  character  of 90-91 

orighi  of 91-03 

gold  placers  of 84-95 

character  of 89-91 

development  and  prospects  of . .  93-94 

distribution  of 88-89 

location  of,  map  showing 88 

value  of 94-95 

silver  of,  production  of 27,29-34 

Colorado  formation,  section  of 350 

Concrete  materials,  bibliography  of 415-416 

papers  on 383-414 

Cooi)er  Town,  Me.,  molybdenum  in 231-234 

Copper  ores,  bibliography  of 184-186 

papers  on 157-183 

production  of 27,29,30 

silver  production  from 23,24,27,33 

See  Riddles  quadrangle;  Colorado. 
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Copper  selenite,  <U8coveiy  of 261 

Corona,  Cal.,  molybdenum  near 238-239 

Cow  Creek  district,  placers  in 148-151 

Cry<^te.    See  Aluminium  ores. 

Cuba,  iron  ores  of 318-^9 

Iron  ores  of,  character  of 319-325 

location  of 318-319 

map  showing 319 

metallurgy  of 328-329 

origin  of " 325 

mining  laws  and  concessions  of 327-^28 

Cubitas  district,  Cuba,  iron  ores  of 324-325 

location  of 324 

Cyrtolite,  occurrence  and  character  of 290,291 

D. 

Dale,  T.  Nelson,  work  of 16 

Darton,  N.  H.,  on  marble  of  White  Pine 

Co.,Nev i 377-380 

work  of 15 

Dawson  coal,  Okla.,  occurrence  and  char- 
acter of 216-217 

Day,  D.  T.,  on  Bighorn  basin  oil 355 

Desphiines  River,  glacial  deposits  on. .  398, 402-404 

limestone  on 386,389-392 

sections  of 389-391 

Dewey,  Okla.,  cement  plant  at 220 

Diller,  J.  S.,  on  placer  mines  of  Riddles 

quadrangle 147-151 

work  of 21 

Drift,  glacial,  gold  in 91-93 

Drum  limestone,  occurrence  and  character 

of 195,219 

Dry  Oulch  area,  Nev.,  gold  placers  of 132 

mines  of , 124,128-132 

Dupage  River,  111.,  limestone  on 393 

E. 

Eckel,  E..  C,  iron  ore  estimates  of 317 

Economic  results,  publication  of 7-8 

Eldorado  Pass  district,  Ariz.,  mineral  de- 
posits of 72 

Ellljay,  Ga.,  geology  near 330 

iron  ores  of 331-334 

analyses  of 333,334 

El  Paso,  Tex.,  clays  near 412-413 

clays  near,  analyses  of 413 

geology  near 411 

limestone  near 413-414 

analyses  of 413 

Emmons,  S.  F.,  on  collection  of  statistics.        19 

on  geology  of  Routt  Co.,  Colo 86-78 

on  gold  dei>osits  of  Little  Rocky  Moun- 
tains    96-116 

work  of 19, 21 

Evans  Creek  district,  Oreg.,  placers  in  . . .  150-151 

F. 

Fairfield,  Okla.,  artesian  wells  near 226 

Feldspar,  bibliography  of 438-439 

Ferguson! te,  occurrence  and  character  of . . .      290, 

292,293 

Fields,  Mont.,  clays  at 423 

Filter  stone,  manufacture  of 434 

Fisher,  C.  A.,  on  clays  near  Belt,  Mont.. .  417-423 
work  of 348 
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Fluorspar,  bibliography  of 474f 

occurrence  and  character  of. 28ft. 

Fontana,  Wis.,  glacial  deposits  near. 404> , 

glacial  deposits  near,  section  of 404 

Fort  Hall  district,  Idaho,  copper  deposits 

of 179-183 

description  of 175 

drainage  of 176-177 

geology  of 177-179, 180-181 

map  of 176 

ores  of 17^183 

origin  of 183 

Fort  Scott  Coal,  Okla.,  occurrence  and  char- 
acter of 215-216 

Fort  Scott  limestone,  occurrence  and  char- 
acter of 192-193,218-219 

Fox  River,  Ill.-Wis.,  glacial  deposits  on. .  398-402 
limestone  on 393 

Frannie  anticline,  Wyo.,  gas  in 357 

Fuller's  earth,  bibliography  of. 424-425 
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Gadolinite,  occurrence  and  character  of 286- 

287,290-293 
Gale,  H.  S.,  on  camotite,  etc.,  in  western 

Colorado 257-262 

on  Lay,  Colo.,  gold  deposits 84-95 

work  of 20 

Gandy,  Utah,  canyon  near,  map  of 379 

marble  near 377-380 

analysis  of 330 

section  of,  figure  showing 378 

Garland  anticline,  Wyo.,  gas  in 354-355 

oil  in,  test  of 355 

Gary,  111.,  limestone  at 380 

limestone  at,  section  of 387 

Gas,  bibliography  of 374-375 

investigation  of 16 

papers  on 339-373 

See  also  Oklahoma. 

Geologic  folios,  list  of  new  issues  of. 9-11 

nature  of. 9 

Georgia,  barite  in.    See  Cartersville. 
graphite  in.    See  Cartersville. 

investigations  in 15 

iron  ores  in.    See  Ellijay. 

Gila  River,  meerschaimi  on 468 

Gilham,  Ark.,  antimony  deposits  near . . .  241-256 
antimony  dei>osits  near,  bibliography  of     242 

history  of 242-243 

mines  of,  descriptions  of 244-251, 256 

occurrence  of 241-253 

ores  of,  occurrence  and  character 

of 251-252, 254-256 

origin  of 251-252 

production  of 253 

veins  containing 244-252 

geology  near 243-244, 254 

igneous  rocks  near 244 

location  of,  map  showing 241 

Glacial  deposits,  available  amount  of,  in 

Chicago  district 407-408 

character  and  distribution  of 398-406 

preparation  of,  for  concrete 406-407 

gold  in 91-93 

uses  of 407 
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Glass  sand,  bibliography  of 428 

Glenn  pool,  Okla.,  oil  and  gas  in 210-211 

Gold,  origin  of 91-93 

production  of 27, 29-32 

Gold  and  silver,  bibliography  of 153-156 

papers  on 23-152 

Gold  Basin  district,  Ariz.,  mineral  deposits 

of 69-70 

Gold  Bug  district,  Ariz. ,  mineral  deposits  of.  72-73 

Gold  Ridge,  Ala.,  ore  deposits  of 39-40, 42-44 

Gold  Road  district,  Ariz.,  description  of . . .  75-76 

mineral  resources  of 76-78 

Grand  Wash  Cliffs,  Ariz.,  description  of —       55 

geology  of 56-59 

mineral  dex>osits  of 71-72 

Granites,  investigation  of 16 

Granitic  rocks,  silver  ores  in 24 

silver  ores  in,  production  of 31, 33, 34 

Graphite,  bibliography  of 474 

pax)er  on 463-465 

Graton,  L.  C,  work  of 20 

Grave  Creek  district,  Orcg.,  placers  in.  149-150, 151 

Gray  Bull,  Wyo.,  well  near,  record  of 352 

Great  Falls,  Mont.,  clays  near 423 

Green  River  group,  occurrence  and  char- 
acter of 86 

Gypsum,  bibliography  of 427 
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Hammond,  111.,  glacial  gravels  at 401 

Harder,  E.  C,  work  of 15 

Hayes,  C.  W.,  introduction  by 7-11 

on  barite  and  ocher 460 

on  nonmetalliferous  resources 12-17 

Hayes,  C.  W.,  and  Phalen,  W.  C,  on  barite 

near  Carters ville,  Ga 458-462 

on  graphite  near  Cartersville,  Ga 463-465 

Heikes,  V.  C,  work  of 21 

Heikes,  V.  C,  and  Weeks,  F.  B.,  on  Fort 

HaU  district 175-185 

Hematite,  tests  of 315 

See  also  Birmingham  district;  Cuba. 
Henrietta  coal,  Okla.,  occurrence  and  char- 
acter of 216 

Hess,    F.  L.,   on   Arkansas  antimony   de- 
posits   241-252 

•     on  California  tungsten  vein 271 

on  molybdenum  dejwsits 231-240 

work  of 21,22 

Hillabee  green  schist,  occurrence  and  char- 
acter of 39 

Hog  Mountain,  Ala.,  geograpHy  of 47 

geology  of 48-49 

history  of 47-48 

ore  deposits  of 39-41, 49-51 

tenor  of 50-51 

working  of 51 

Hubnerite.    See  Tungsten. 

Hogum  area,  Nev.,  gold  placers  of 132 

I. 

Idaho,  copper  in.    See  Fort  Hall  district. 

investigations  in 16-17,21 

oil  in 368-369 

phosphates  in 443 

section  in 443 

silver  production  of 27-32,34 
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Illinois,  concrete  materials  in.    See  Chicago 
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Ilmenite,  occurrence  and  character  of 280 

Indiana,  ooncreto  materials  in.    See  Chi- 
cago district. 

Ionia  anticline,  Wyo.,  gas  in 357-35B 

I  ron ,  bibliography  of 335-337 

investigation  of 16 

papers  on 306-334 

J. 

Janesville,  Wis.,  glacial  deposits  near .  398-405 

Joliet,  111.,  glacial  deposits  near. 398-403 

limestone  at  and  near 388-302 

section  of 390-391 

Jumjwfl  Joe  district,  Oreg.,  placers  in 150,151 

K. 

Kay,  G.  F.,  on  copper  prospects  in  Riddles 

quadrangle 152 

on  gold-quartz  mines  of  Riddles  quad- 
rangle   134-147 

work  of 21 

Kootenai  formation,  Mont.,  clays  in 417-^3 

section  of 418 

L. 

Labarge  field,  Wyo.,  description  of 365-366 

geology  of 366-368 

history  of '....  364-365 

map  of 364 

oil  of,  occurrence  and  origin  of 368-371 

quality  of 371-373 

Labette  shale,  occurrence  and  character  of .  193,224 

Lagrange,  111.,  limestone  near 387 

Lake-shore  deposits,  use  of,  in  concrete. .  408-400 
Landusky  district,  Mont.,  gold  deposits  of.      104 

mines  of 104,116 

Lay,  Colo.,  gold  placersnear.    See  Colorado, 
Routt  Co. 

Lead,  bibliography  of ....'. 229-230 

paper  on 187-228 

production  of 27,29,30 

silver  production  from 23, 24, 27, 33 

Lemont,  III.,  limestone  at 387-380 

limestone  at,  sections  of 388-^1 

Libertyville,  111.,  glacial  deposits  near 402-403 

glacial  deposits  ne-ar,  section  of 403 

Lime,  bibliography  of 426 

Limestone,  gold  deposits  in 104, 106 

replacement  processes  in 107-108 

silver  ores  in 25,85 

production  of 31, 33,34 

See  also  Portland  cement  materials. 
Lindgren,  Waldemar,  on  copi)er  deposits  in 

central  Colorado 157-174 

on  metalliferous  resources 18-22 

on  silver  production  in  1906 23-86 
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Little,  H.  P.,  work  of 848 

Little  Rocky  Mountains,  Mont.,  description 

of 90-07 

geology  of 100-104 

gold  deposits  of 90-116" 

development  of 97-08 

map  of 96 
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Little  Rocky  Mountains,  Mont., mining  and 

mlUingin fl»-100, 110-116 

mining  in,  future  of 109-110 

ore  deposits  of 104-109 

genesis  of 109 

minerals  of 106-107 

oxidation  of 108-109 

Little  Snake  River,  Colo.,  gold  develop- 
ments on 84-86 

See  also  Lay,  Colo. 
Lost  Basin  district,  Ariz.,  mineral  deposits 

of 72 
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McCaskey,  H.  D.,  on  gold  deposits  of  Ala- 
bama  3&-62 

work  of 22 

McConnico  district,  Ariz.,  mineral  deposits 

of 70-71 

McCook,  111.,  limestone  near 387 

Macintoshite,  occurrence  and  character  of. .     292 

Magnesite,  bibliography  of 426 

Maine,  investigations  in 22 

molybdenum  deposits  of 231-238 

Manganese,  bibliography  of.  -  T^Jil. .. /. . .-'.  316-817 

investigation  of 15 

Marble,  bibliography  of 381-382 

See  also  Gandy,  Utah. 

Mary  Ann  Canyon,  Nev.,  mines  of 124, 131 

Mayari  district,  Cuba,  iron  ores  of 318-322 

analyses  of 320-322 

character  of 318-322 

location  of 320 

Maynard  district,  Ariz.,  mineral  deposits  of.        71 
Meerschaum,  analyses  of 470 

description  of 466-468 

occurrence  of 468, 469-470 

properties  of. 466-467, 470-473 

Mesler,  R.  R.,  and    Siebenthal,  C.  G.,  on 
tripoli    deposits    near    Seneca, 

Mo ;  429-437 

Metalliferous  ores,  field  work  on 19-22 

publications  on 18-19 

statistics  on,  collection  of 19 

Miami  district.  Okla.,  artesian  wells  in 225 

lead  and  zinc  in 208-210 

Mica,  bibliography  of 474 

MiUsdale,  Hi.,  glacial  deposits  near 404 

Mineral  Park  district,  Ariz.,  description  of.       65 

mineral  deposits  of 6.5-66 

Mineral  paint,  bibliography  of 440 

Mineral  resources,  metallic.    See  Metallif- 
erous ores. 
Mineral  resources,  nonmetallic,  field  work  on  1 4-17 

publications  on 12-14 

Mineral  Resources  volume,  nature  of 11 

Miner  ranch  oil  field,  Cal.,  gas  in,  analysis  of.      342 

oil  and  gas  in 339-342 

Mississippi  Valley,  investigations  in 21 

Missouri,  tripoli  in.    See  Seneca. 

Moa  district,  Cuba,  iron  ores  of 322-324 

location  of 322 

Mocking  Bird  district,  Ariz.,  description  of.       73 

mineral  deposits  of 73-74 

Molybdenite,  deposits  of 231-239 

deposits  of,  richness  of 237-238 

origin  of 273 
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Molybdenum,  bibliography  of 306 

deposits  of 231-240 

investigation  of 22 

Monazite,  description  and  uses  of 272-273, 285 

deposits  of - 2?2-285 

occurrence  of 279-284 

ore  of,  view  of 282 

origin  of 284 

placers  of 280,285 

production  of 273 

See  al»o  North  Carolina;  South  Carolina. 

Monographs,  nature  of 9 

Montana,  clays  from.    See  Belt. 

gold  in.    See  Little  Rocky  Mountains. 

investigations  in '. .       21 

kaolin  in ^ 106 

Little   Rocky  Mountains.    See  Little 
Rocky  Mountains. 

silver  in '. 106 

production  of 27-34 

Music  Mountain  district,  Ariz.,  mineral  de- 

positsof 71 

N. 

Nevada,  geology  of.    See  Osceola  district. 

investigations  in 21 

marble  of.    See  Gandy,  Utah, 
mineral  resources  of.   See  Osceola  dis- 
trict. 

silver  production  of 27-32, 34 

tungsten,  deposits  in.     See  Tungsten 

district. 
White  Pine  Co.    See  Osceola  district; 
Timgsten  district. 

New  England,  investigations  In . . .'. 16 

New  Mexico,  investigations  in 21 

meerschaum  in 466-473 

geology  of 468-469 

properties  of 470-473 

silver  production  of 29-32, 34 

Niagara  limestone,  analyses  of 394 

available  supply  of 396-397 

character  and  distribution  of 386-393 

chemical  composition  of 393-394 

crushing  of 394-396 

sections  of ' 387 

uses  of 393,396-397 

Nickel,  bibliography  of 306-307 

Nivenite,  occurrence  and  character  of 292 

Nonmetals.    See  Mineral  resources. 

North  Carolina,  geography  of 274-279 

geology  of 275 

monazite  dei>osits  in 279-285 

location  of,  map  showing 275 

See  also  Monazite. 
topography  of 274-275 

Norway,  Me.,  molybdenum  near 236 

Nowata,  Okla.,  artesian  wells  at 227-228 

cement  plant  at 221-222 

section  near 221 

O. 

Ocoee  group.    See  Talladega  formation. 

Oil,  bibliography  of 374-375 

investigation  of 16 

papers  on 339-373 

See  also  Oklahoma. 
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Oklahoma,  investigations  in 16 

northeastern  part  of,  artesian  wells  in.  225-228 
artesian  wells  in,  water  from,  analy- 
ses of  227, 228 

brick  days  and  shales  of 224-225 

buildmg  stone  of 222-223 

coal  of 213-217 

gas  of.    See  Oklahoma,  oil  and  gas. 

geography  of 187-188 

geologic  map  of 188 

geology  of 18&-200 

lead  and  zinc  of 200-210 

mineral  resources  of 187-228 

oil  and  gas  fields  of 210-211 

structure  of 211-213 

Portland  cement  in,  analyses  of.  ^  220-222 

materialsof 217-222. 

stratigraphy  of 18&-195 

structureof 19^200 

water  resources  of 225-228 

zinc  of.    See  Oklahoma,  lead  and 
zinc. 
Ore  deposits,  relation  of,  to  underground 

solution 199 

O  regon,  copper  of.    See  Riddles  quadrangle, 
gold  of.    See  Riddles  quadrangle. 

investigations  in 21 

Riddles  quadrangle.    See  Riddles  quad- 
rangle. 

silver  production  of 29, 32, 34 

Ore  Knob,  Ga.,  iron  ores  at 331-332 

Osceola  district,  Nev.,  description  of 117-119 

development  of 123,124 

history  of 122-123 

extent  of 123-124 

geology  of 119-122 

gold  placers  of 132 

location  of 119 

map  showing 118 

map  of 120 

mineral  deposits  of 124-128, 132-133 

character  of 126-127 

orighiof 126,127-128 

structureof 124-126 

mines  of,  descriptions  of 128-133 

distribution  of 124 

section  in 120 

figure  showing 121 

topography  of 119 

water  in 132 

Ozarkuplift,  structureof 196 

P. 

Palmer,  Chase,  on  deposition  of  sulphur. . . .      455 

Paris,  Me.,  molybdenum  near 236 

Parsons  formation,   occurrence  and  char- 
acter of 194-195,219 

Pawnee  limestone,  occurrence  and  character 

of 193,219,224 

Peay  Hill  anticline,  Wyo.,  gas  in 352-354 

well  in,  record  of 352 

Pegmatite,  occurrence  and  character  of. . .  276-277 

relation  of  molbybdenito  to 237, 238-239 

Pennsylvania,  investigations  in 15, 16 

Peoria  district,  Okla.,  lead  and  zinc  in. . . .  201-202 

Peridotite,  occurrence  and  character  of 277 

Petroleum.    See  Oil. 
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on  EUijay  iron  ores 330-334 

work  of 15 

Phalen,  W.  C,  and  Hayes,  C.  W.,  on  barite 

near  Cartersville,  Oa 458-462 

on  graphite  near  Cartersville,  Ga 463HI65 

Phosphate-bearing    series,    character    and 

distribution  of 441-4^ 

Phosphates,  bibliography  of 447-448 

character  and  distribution  of -  441-443 

investigation  of 16-17 

mining  and  marketing  of 443-447 

pap^r  on 441-446 

Pilgrim  district,  Ariz.,  mineral  deposits  of . .       74 

Pinotucky,  Ala.,  ore  deposits  of 39-40, 46-47 

Piqua  limestone,  occurrence  and  character 

of 220 

Pirrson,  L.  V.,  work  of 96 

Pishel,  M.  A.,  work  of 348 

Placers,  silver  from 26 

Plasters,  bibliography  of 427 

Platinimi,  bibliography  of 306-307 

Polycrase,  occurrence  and  character  of 291-292 

Porphyry,  gold  deposits  in 104-106 

description  of 110-116 

Portland  cement  materials.    See  Oklahoma. 
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